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INTRODUCTION 
A complete understanding of the factors involved in tissue 
transplantation has two kinds of significance for the biologist, one 
practical, and the other theoretical . From a practical point of view, 
management of the fate of t he graft opens up enticing vistas of tissue 
therapy to the reparative surgeon (Woodruff, 1952) . Already, the rou-
tine transplantation of bone, skin, blood vessels, cornea, and blood 
give promise of a time when clinicians may use whole-organ transplan-
tation against the ravages of malignancy, where surgery still r emains 
the surest therapy. Perhaps this is an impossible dream. 
From a theoretical point of view, tissue transplantation has 
~roved to be a measure of the biological similarities of organisms, 
and has contributed to our knowledge of the responses of animals to 
foreign proteins . It will probably figure largely in an analysis of 
tissue specificity and may contribute greatly to an understanding of 
differentiation. 
The recent successes of the British group in overcoming re-
sistance to orthotopic skin homografts in inbred mice by intraembryonic 
inoculation with donor-strain cells provides a case in point. These 
successes have not only given heartening indication than an era of ex-
tensive normal tissue and organ transplantation may be at hand, but 
also have thrown more light on the problem of the biological resistance 
encountered in normal tissue transplantation in mammals . 
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These most recent successes, as well as others in the area of 
tumor transplantation, were only made possible by previous and concur-
rent demonstration that the major factors in determining the fate of 
the graft were genetic and immunological, and that management of the 
fate of the graft is probably effected through interference with the 
immunological mechanisms . The story of the development of these ideas 
will be traced below. In its most general implications, this disser-
tation may be viewed as an effort to determine whether the principles 
of transplantation as elucidated by other workers with different species 
have unqualified applicability in hamster skin homografting. A more 
specific statement of the problem together with a consideration of the 
particular events which l ed to its formulation 1iill be made following a 
brief survey of the methodological and conceptual ramifications which 
mark the rather extensive history of research in the field of tissue 
transplantation. 
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REVIEW OF THE LITERATURE 
A. A DEFINITION OF TERMS 
In recent years considerable confusion has been caused by con-
flicting, and frequently misused, terminology. Krohn (1955) has dis-
cussed the way in hich this has been responsible for seemingly ano-
malous results in ovarian transplantation, pointing out that Foa 1s 
(1900) use of the terminology coincides with the way most investiga-
tors use it today, whereas Herlitzka (1900) used the word homograft 
where today we would use the word autograft, and the 1-vord heterograft 
the way we would use the word homograft . Recent interest in dravnng 
together experience in diverse fields of transplantation has occasioned 
attempts to define a standardized terminology, but to little avail . 
Handler (1953) has recently proposed definitions for a series of fre-
quently encountered t erms such as 11 take 11 , "survival," 11growth 11 and "re-
gression." This has caused considerable comment which it is not worth-
while tracing at the present time . We shall instead define terms for 
the purposes of this report, a procedure v1hich enjoys the sanction of 
an informal committee set up at the Arden House Tissue Transplantation 
Conference (1953) . This approach has at least the merit of pennitting 
communication, if it lacks the elegance of uniformity. For the purposes 
of this paper, the following definitions will be useful, if not entirely 
satisfactory. 
Autograft: a transplant of tissue from one part of an i ndivi-
dual to another part of the same ~ndividual . The 
term as used here is to be considered as equivalent 
to the use of the words "autoplastic", "autologous" 
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and 11 autospecific11 graft. The term 11autostatic" 
(as suggested by Brenner, 1955) is to be speci-
fically reserved for those autografts which do not 
establish and grow per se but provide a suitable 
structure for the proliferation of host cells and 
tissues . 
Isograft: a transplant of tissue from an individual of one in-
bred strain to another individual of the same inbred 
strain . This term is to be considered synonymous 
with the terms ''isologous graft" or "intrastrain 
homograft . " The term "isostatic", although logical, 
has not been coined, and indeed I do not believe 
there have been any experiments performed which 
would require its use . 
Homograft : a transplant of tissue from one individual to 
another individual of the same species, where both 
donor and host differ genetically (i . e . , are not 
members of the same inbred strain) .- Equivalent to 
the terms "homoplastic", 11homospecific" and "homo-
logous" graft. The term "homoiograft 11 is sometimes 
encountered, and is used to specifically refer to 
transfers between members of different but inbred 
strains, reserving the word "homograft" for transfers 
between members of a non- inbred or heterozygous 
population. I believe this to be useless equivo-
cation at the present time, particularly if we re-
tain the tenn isograft, as defined above . The term 
"hemostatic" is often seen, and is r eserved, once 
again, to refer to transfers of killed or fixed 
tissue, or tissue which does not establish and grow, 
but merely provides a structure on which host tis-
sues proliferate and grow (Longmire, 1953) . 
Heterograft: a transfer of tissue from one individual to another 
when neither donor or recipient are members of the 
same species . Thus, interspecific and interclass 
transfers are heterografts. 
The basis of the above classification is thus seen to be genetic, 
or more accurately, referent to the degree of genetic difference be-
tween host and donor . We shall dispense with the use of a number of 
terms which have been introduced into the literature from time to time, 
such as 11 sibhomograft 11 and 11 syngenesiograftn, restricting ourselves to 
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the use of the terms defined above, which I have found to be useful in 
almost any experimental situation heretofore described. The virtue of 
any system of classification or nomenclature, such as the above defined 
terminological system is that the use of a particular nomen permit s 
prediction of certain characteristics of the members of that group . In 
this instance, the terminology as defined will permit such prediction 
about the relative success of the transplantation, if i t is t acitl y un-
derstood tl1at we are talking about transplantation of normal tissue, 
specifically skin, in normal untreated animals, utilizing any recipient 
site but the anterior chamber or the brain. In this manner, the 
general outcome in an autograft situation is success; in the i sograft 
situati on, likewise success; in t he homograft situation, failure; and 
in the heterograft situation, like1-Iise failure . The notable exception 
to this scheme is Eichwald ' s (1955) recent discovery t hat isografts of 
skin from male donors to female recipients fail, about which more later. 
'·Je also believe that the present results with hamsters are an instance 
of successful homografting , as defined above . Results 1-1ith tumor trans-
plantation in the above listed geneticallY varying situations are about 
on a par >vith the resul t s f or ski n , -..r2.t h t he exce.._Jtion that ceteris 
paribus , some tumor homografts are successful, others unsuccessf ul. 
The former type involve the so-called non-specific tumors and the 
l atter involve specif ic tumors ("diploid" and "aneuploid", respec-
tively, according to Hauschka, 1952, 1953; Hauschka and Levan, 1951, 
1953; Levan and Hauschka, 1952, 1953). That the basis of the termino-
logical system here employed is genetic is no accident when we realize 
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that success or failure of the graft is preeminently determined by this 
very genetic difference, and hence the prediction of results is in large 
degree, inherent in the definition . 
vJe shall avoid the use of the term ntake", which, it would seem, 
cannot be generally enough defined to fit all experimental situaticms . 
Snell (1954) suggests that the term should be used merely to indicate 
that a graft is growing, without any commitment as to iihether the ulti-
mate outcome is regression or survival . This definition, it may be 
pointed out in passing, hardly fits the skin graft situation, where a 
graft although successful can hardly be said to grow, in the sense that 
there is an increase in protoplasm. A number of definitions and coun-
terdefinitions of survival have been proposed, none of which have I 
found satisfactory to describe the state of affairs in skin homo-
grafting. Terminal phenomena in skin homografting in mice, for example, 
are generally quite marked and sudden, and conclude by rejection of the 
entire grafted patch; this is referred to as a 11slough. 11 On the other 
hand, some workers have occasionally observed a slow rejection of the 
graft which they have referred to as 11mel ting a1·1ay11 (Taylor and 
Lehrfeld, 1955; Prehn and Main, 1954) which is characterized by signs 
of chronic low grade inflammation such as loss of hair, scurviness of 
the skin surface, and sparseness and irregularity of hair growth 
(Billingham, Brent and Medawar, 1955) . Since the latter phenomenon is 
the most frequentl y encountered sign of resistance to skin homografts 
in the present 1wrk with hamster s, we have chosen to define arbitrarily 
the survival of the homograft as the period of time after transplanta-
tion up until the first unequivocal signs of chronic inflammation as 
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described above. In the rare instances where the graft is sloughed, 
the time to sloughing is recorded as the survival time . 
B. NOTES TOiARDS A THEORY OF TRANSPLM~TATION 
Transplantation as a tool in biological investigation has an 
ancient and honorable history. Naturally, a complete review of the use 
of transplantation procedures in experimental physiology and embryo-
logy will not be attempted herein . However, it will be of benefit 
sometime in the future to consider transplantation from a general point 
of view if we ever hope to learn anything of fundamental biological 
significance from transplantation techniques . Ultimately, when a phil-
osophy of transplantation is wTitten, we shall have to consider how it 
has helped to broaden biological principle besides furthering our know-
ledge in specific sub-doctrines such as endocrinology, embryology and 
oncology, the areas in which transplantation has been most widely 
practiced . It seems logical to suppose that information garnered from 
these distinct fields 1~11 upon examination yield certain concepts that 
are common to all the specific cases (1 ·~· ' generalizations) which in 
turn may be reapplied to other specific cases . I am not alone in this 
opinion; the trend towards a unified vimi of transplant ation, an out-
come of at least fifty years of work in diverse fields, is well-evi-
denced by the appearance of at least one nm·l technical journal devoted 
solely to the problem of transplantation wherever it is used in bio-
logical investigation. We are beginning to see the application of fun-
damental principles arrived at through tumor transplantation to an im-
munogenetic analysis of skin grafting and organ and tissue transplan-
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tation (~ infra) . 
In a general sense, transplantation of tissues or organs im-
plies several things; basically it means taking protoplasm from one 
environment and placing it into another . In transplantation studies in 
metazoans, it further implies that the protoplasm is organized at either 
the cellular, tissue or organ level, and that the transplanted entity 
has been removed from something organized at a higher level, an 
organism. This is of conceptual importance in that it suggests con-
sideration of the first in a ·series of factors which operate in trans-
plantation, nw~ely the severance of a tissue or tissues from the con-
trols exercised by the organism over its parts, and implicates then, an 
abrupt change for the graft from an organized and controlled environ-
ment. Considerable attention has been focused in the past on this spe-
cific abrupt change, and theories of transplantation failure have been 
concerned with interruption of vascularization or with nutritional de-
ficiency. These have been shmin to be of secondary importance in de-
termining the fate of the graft. Another aspect of transplantation 
procedures is that, following excision, the organised entity (graft) is 
placed into a different organismal field, namely the host organism. 
With regard to homotransplantation, the major part of recent attention 
has been focused on this latter aspect, with particular regard for the 
reaction of the host to the intruder . The latter approach has proved 
to be of great significance in that it has directed attention to those 
entities that ultimately maintain control and direct organization of 
both the host and donor, namely their genes, and also to the response of 
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the host, which is immunological. The immune response of the host may 
be somewhat broadly viewed as an attempt to maintain the constanc.1 of 
the inner environment; a consideration of this aspect of transplanta-
timl has caused deliberation over the relationship of immunology to 
genetics . With regard to neoplasms , however, transplantation has 
taught us more about tissue specificity than about cancer (Hauschka, 
1952) . It is not my intention here to present a full- fledged theory of 
transplantation, but merely to take a general and long-range view of the 
field in order to make the following discussion of the shifts in empha-
sis over the past years more easily comprehensible . 
C. EARLY THEORIES OF HOMOGRAFT RESISTANCE 
1 . The theory of athrepsia {starvation). 
The earliest and most alluring theory erected to account for 
failure of homotransplants quite obviously sprang from the reflection 
that in order to graft anything at all, one must first sever the grafted 
t issue from the donor organism. Knowing the dependence of living tis-
sue on adequate nutrition, Ehrli ch (Ehrlich, 1906; and see Dempster, 
1951; Simonsen, 1953) quite naturally postulated that homotransplants 
and heterotransplants failed because they were placed in an environment 
that could not supply some specific (but unspecified) nutriments which 
were presumably only present in the donor organism. This attractive 
theory, which suggests analogies to transplantation of plants from one 
substrate to another, may indeed operate in some (as yet undemonstrated) 
situations. However, that it does not wholly account for failure of 
transplants to foreign organisms may be inferred from a number of ob-
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servations, strongest of which are the demonstration (a) t hat mice can 
be rendered susceptible to tumor transplants by total body x-irradia-
tion (Murphy, 1926; Krebs et al., 1930; Furth et al . , 1933; Richter and 
MacDowell, 1935), (b) that trypan blue injected into rabbits renders 
them susceptible to certain tumors (Saphir and Appel, 1943), (c) t i1at 
human skin can grow on the chorioallantoic membrane of the chick (Blank 
et al . , 1948), and that (d) human tumors can be grown in the cheek 
pouches of untreated golden hamsters, by utilizing the technique of 
serial subplantation {Handler , 1951), or better, by pretreating ham-
sters and rats with total body x- irradiation or cortisone, or both 
(Toolan, 1951, 1953, 1955) . Toolan (1951) also demonstrated that human 
epithelium would vascularize and grow after transplantation to subcu-
taneous sites in x-irradiated heterologous hosts . 
Moreover, as Simonsen (1953) points out, there is no evidence 
that retransplantation to its original site after 10 days proces even a 
slight restoration of integrity to the graft, which would be expected 
if failure were simply a matter of nutritional deficiency. T'nis con-
tention is experimentally supported b.Y demonstration that the median 
survival time of tumor homografts in resistant mice as tested by re-
transplantation to the "home strain" is 12 . 8 days (Algire, 1954) . 
Simonsen (1953) concludes that failure is better interpreted as expo-
sure to damaging substances, which, as we shall see, sums up the views 
of a large number of workers . Sporadic successes with tumor homografts 
are best attributable to use of genetically uncontrolled material 
(Woglom, 1929), 11~ bloc" losses of genetic requirements (Little, 1951; 
Strong, 1926), "antigenic simplification" (Gorer, 1948), or "adaptive" 
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changes induced by temporary residence in heterozygous host-genotypes 
(Barrett and Deringer, 1950, 1952; and Hauschka, 1952) . 
2. The theory of vascular deprivation . 
Attempts to explain homograft failure on the basis of vascular 
deprivation are allied to the theory of athrepsia in that emphasis is 
still placed on the rupture of the proposed graft from its connection 
with the donor organism. Attention is diverted to revascularization of 
the graft in its new biological environment. 
There is no question that vascularization plays a role in estab-
lishment of an implant. Simonsen (1953) has shown that although auto-
grafts of the whole kidney in dogs, where vascular anastomosis was per-
formed, established and became functional, they failed to concentrate 
urine . This may be interpreted as due to the temporary absence of blood 
supply during the grafting process; it may also be due to site dif-
ferences, however. The question to resolve is whether revasculariza-
tion of the graft is of primary importance in determining t he fate of 
the homograft . 
Merwin and Hill (1954) showed that destruction of subcutaneous 
homografts of Harderian gland in mice took place independently of whe-
ther the grafts were or were not vascularized, provided the animals had 
been specifically immunized. Medawar (1948) showed that homografts of 
mouse skin to the anterior chamber of the eye in immunized hosts did 
well until they were vascularized by outgrowth from the iridial vessels . 
Algire (1954) showed that second- set tumor homografts in foreign mice 
began to undergo destructive change involving leukocytic infiltration 
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prior to 11new capillary ingrowth of a granulation tissue nature" at six 
days, and concluded that the vascular reactions in homografts appeared 
to be associated rather than primary phenomena, which appeared concur-
rently with tumor cell destruction. 
3. ~ theory of natural immunity. 
A theory of natural immunity to explain homograft failure, sug-
ges~ed qy analogy to blood group incompatibility, represents a shift in 
emphasis from the severance of the graft from ~ts biological moorings to 
the reaction of the new organismal field (host) to the introduced cells . 
Blood group incompatibility (which, incidentally, may be viev1ed as homo-
transplantation of cells), since its discovery and subsequent explor-
ation by Landsteiner (see Boyd, 1953) and others, is probably the 
earliest and most fully described example of i:rmnunogenetics and iso-
antigens, and as such was the most likely model for an explanation of 
homograft failure . Criticisms of this theory for skin transplants is 
that there is no basis in fact (Dempster, 1951) . It is incumbent on 
proponents of this theory to demonstrate (a) the presence of "skin 
types" akin to A, B, 0 blood groups, such as were proposed by Hedawar 
and subsequently abandoned, which are genetically transmitted, and (b) 
the simultaneous presence of natural antibodies for the incompatible 
types in the host organism, "i-Thich have not been demonstrated to my best 
knowledge. The situation is further complicated by the fact that there 
is no ~ priori reason why such hypothetical rrskin types " should be as-
sociated vlith kno1m blood groups, yet the search for skin types has im-
plied the association and has vastly influenced the attitude of clini-
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cians. Nevertheless, Medawar (1946) shm;ed that there was no antigenic 
relationship between blood cells (erythroc.Ytes) and skin in the rabbit , 
and all clinical attempts to mat ch donor and recipient with regard to 
the A, B, 0 and Rh systems have met with failure (Woodruff, 1952, 1953) 
except for sporadic reports which are susceptible to other explanations 
(Medawar, 1953) than resort to what Eichwald has called the "hematolo-
gical hypothesis" (1953) . On the other hand, the H-2 locus on the 
nint h chromosome in the mouse (Snell, 1953 and vide infra ) is identi-
fied with the murine blood antigen II (Gorer, 1937-1955) . 
Theory of the local cellular reaction . 
Any discussion of the role of natural immunity in homograft re-
sis tance should include a consideration of Loeb's (1926, 1930, 19~7 
"individuality differenti als", since in their operati on they act like 
cell-borne natural antibodies (Dempster, 1953) . Regarded as 11impene-
trably metaphysical" (ibid. ) by most British v1orkers , the theory has 
- --
retained favor in America (Eichwald , 1953), largely becaus e i t has f o-
cused attention not only on response at t he cellular level but also on 
the differential lymphocytic response in various t~~es of donor- host 
systems (Loeb, 1947; Murphy, 1926; Hurphy and Sturm, 1951) . The indi-
viduality differentials are presumed to be specific lethal, diffusible 
chemical substances characteristic for the individual and present in all 
its cells; these substances are brought into action by host cells which 
differ genotypically from the graft cells. Pres~mably the cells of the 
graft elaborate their own individuality differentials against the cells 
of the host, but these are i nsufficient to do any great damage. The 
interaction of the individuality differentials in the gr .aft situation 
is thought to provoke the lymphocytic response, -vrhich Loeb presumes is 
merely an attendant phenomenon except that these cells are also capable 
of transporting more individuality differential to the scene of battle. 
This is the aspect of Loeb's work which has been retained and favored of 
late because it rivets attention to a cellular type of immune response . 
The severity of the lymphocyte response increases the greater the gene-
tic difference between host and donor, being minimal or entirely absent 
in the autograft situation, greater with syngenesiografts (intra-litter 
homografts), stronger yet with homografts and overwhelming for hetero-
grafts . A good formulation of the genetic determination of these dif-
ferentials is as follows (Loeb and King, 1935): 
"The nature of the organismal differentials depends upon 
the genetic constitution of the individuals and species and 
large groups, and further analysis shows that multiple factors 
determine the character of the individuality differential. 
These genetic factors lead to the production of substances which 
when int roduced into organisms possessing different organismal 
differentials, cause incompatibilities between host and trans-
plant." 
Burnet and Fenner (1948) conclude that there is litt le in Loeb's 
work which could not be i nterpreted in terms of the immune r esponse as 
the principle me chanism, and not a secondary effect; they regard the 
"individuality differen tial s" of which Loeb speaks as in fact the anti-
gens of the grafted tissue "relative to the particular host concerned ." · 
The theory thus requires the use of at least one more assumption than 
is necessary, thereby violating the law of parsimony (Ockam) . Further-
more there is little direct proof that cells are intrinsically incom-
patible. Harris (1943) showed that rat and mouse cells l-Tere physio-
15 
logically compatible in vitro; toxic phenomena 1r1ere entirely absent in 
mixed cultures and both types of cells remained normal in cytological 
appearance. Despite the inapplicability of Loeb's theory, hi s monu-
mental work, culminating in 1947 with the publication of 11 Ttie Biological 
Basis of Individuality," is a mine of information with regard to tissue 
transplantation and has served to provide the first large, formal sys-
tematizati on of the types of host-donor combinations and their cellular 
and humoral reactions . Many of his fundamental and generally stated 
di cta have specific applications, although the theory as a whole, it is 
generally conceded, does not hang together. 
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D. GENETICS OF TRANSPLANTATION 
1 . ~ of transplantation. 
The genetics of homotransplantation was largely worked out by in-
vestigators primarily concerned with the transplantation of tumors in 
rodents, particularly mice . From this work the effects of Mendelizing 
genes upon transplantation were shown, and the relationships were for-
mulated in a series of generali zations known as the "laws of trans-
plantation," generally attributed to Little {1941, 1947, 1951) . Little 
(1921) shol-led that the same general relationships held for implants of 
splenic tissue and Kaliss and Robertson (1943) further expanded inves-
tigation of splenic implants in inbred strains of mice and their hybrids . 
Investigat ion of the genetic requirements for successful transplanta-
tion of normal tissue has lagged far behind similar investigations for 
tumor because of the greater interest in cancer research and probably 
also because the genetic requirements f or normal tissue transplanta-
tion involve a considerably greater number of genetic factors than are 
necessary for tUffior (Heston, 1953). Recently, Prehn (1954) and 
Eicht.J"ald (1955) have been interested in investigating the application 
of these laws to skin grafting. To date skin grafts appear to conform 
to the pattern established by tumor grafts . The f ollowing discussion 
of the genetics of transplantation vnll thus of necessity be confined 
very largely to results with tumor transplantation, but it mus t be as-
sumed that the basic laws apply as well to normal ' tissue transplanta-
tion, including skin grafting. 
Although there were a number of studies of transplantation of 
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spontaneous tumors prior to the twentieth century, the first extensive 
work was performed by Jensen (1903) and Ehrlich (1906), v-rho found that 
transplants of bits of tumor in animals other than the one in which it 
originated might in some instances be followed by progressive growth of 
the implant . This was interpreted as a measure of the tolerance which 
the host animals possessed for tissues of the donor. Although it was 
recognized that this probably had very little to do with the process of 
carcinogenesis, it >-las a measure of the biological similarity or dif-
ference between donor and host . The possibilities of this European re-
search were immediately seen by two American >rmrkers . Loeb (1908) no-
ticed that albino mice failed to grow a Japanese waltzing mouse tumor 
to which animals of the latter strain -vrere susceptible and interpreted 
this as indication that tumors possess different degrees-of "virulence . " 
This led to a series of researches which culminated in Loeb's formula-
tion of the theory of "individuality differentials" to which reference 
has already been made. On the other hand, Tyzzer (1907) formulated a 
genetic point of view, which is the first such statement in the litera-
ture, when he stated that " ••• certain breeds of mice were found to be 
more susceptible to ••• two strains of inoculable tumor, and the ino-
culation of mice from one source always resulted negatively . " Following 
a report on the histology and transplantation of twenty spontaneous tu-
mors, Tyzzer (1909) also showed that sixty-nine out of seventy F1 hy-
brids of susceptible (Japanese waltzing mice) and resistant ("common") 
mice were susceptible to tumor which grew in 142 out of 145 mice of the 
susceptible strain, whereas, unexpectedly, fifty- four F2 hybrids were 
negative. Upon repetition of the experiment with larger numbers 
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(Little and T,yzzer, 1916), it was shown that three out of 183 F2 were 
suscepti ble to the Japanese waltzing mouse ttunor, showing that suscep-
tibility in the F2 was not lost, but had merely segregated out in an 
unusually small percentage. 
PreviouslY, Little (1914) had advanced an explanation of a 
Mendelian nature to explai n the r eappearance in the F2, in an excee-
dingly small percentage, of a character which might be completely do-
minant in the F1 • The type of character thus inherited was one in 
which simultaneous presence of a number of genes v1as necessary. Thus 
if two genes only were required to produce a character it would reap-
pear in 56 .5% of the F2 animals . If three genes were necessary, 43 . 5% 
of the F2 animals would show the character ; if five genes, 23 .8%; if 
ten genes, 6. 0%; if fifteen genes, 1. 3%. Si nce the observed percen-
tage of tumor susceptible F2 animals was 1.5%, Little and ~~zzer con-
cluded that from twelve to fourteen factors might be involved in de-
termining grov1th of the Japanese \'laltzing mouse tumor. In 1915 Tyzzer 
described a sarcoma of the Japanese waltzing mouse (~vffi) vmich was tes-
ted by Little (1920) . 'Ihe F 2 ratio indicated that from three to five 
genes were required to produce susceptibility. Crosses which utilized 
tumors from the dilute brown (dba) strai n were used by Strong and 
Little (1920), Strong (1922), Little and Strong (1924), Strong (1926) 
to demonstrate three factor, two factor and finally one factor Mendelian 
rati os . Evidence was provided by Little and Strong (1924) for linkage 
of one of the susceptibility genes for an adenocarcinoma with the well 
known gene ~ for dilute coat color. Evidence of sex- linkage was dis-
covered by Strong (1929), who found that in a four factor adenocar-
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cinoma (F1Dg), one susceptibility gene was sex- linked with no evidence 
of crossing-over. Later, Bittner (1932) recor ded an association be-
tween t~mor 13714BX and sex. It was concurrently shown that tumor a-
rising in F1 hybrids was not transplantable to either parent strain 
(Kirschbaum and Strong, 1941) . Little and Johnson (1921), using im-
plants of normal tissue (spl een) showed the same relationship, namely, 
that although tissue from ei ther parent strain would grow in the F1 hy-
brid, hybrid spleen tissue would grow in neither of the parent strains. 
More recently, Prehn (1954), exploring the genetics of skin transplan-
tation in BALB/c and DBA/2 mice showed that grafts from either of these 
strains to their F hybrids were successful, whereas grafts from the 1 . 
hybrid to either parent strain were invariably rejected; in one in-
stance Prehn found that F1 (BALB/c x DBA/2) grafts to the DBA/2 strain 
persisted longer than BALB/c grafts to DBA/2 hosts, suggesting that the 
heterozygosity in the F1 produced a "dilution" of the effect . There 
has been no report yet of attempts to transfer skin from either parent 
strain to either the F2 or back cross animals in an attempt to ascer-
tain the number of genetic factors required f or successful transplan-
tation of skin although Snell (1953) estimates that at least six or 
seven factors, the same that determine resistance or susceptibility to 
tumor implants in mice, are involved in normal tissue transplantations . 
These genetic studi es led to the formulation of certain laws of 
transplantation, which have been stated by Snell (1953) as follows: 
1) Tumor isotransplants, i . e . , tumor s transplanted within 
the strain of or igin, grow progressively and kill all 
hosts . 
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2) Tumor homoiotransplants, i .e. , tumors transplanted within 
the species but outside of the strain of origin, fail to 
grow, or grow temporarily and then regress . 
3) F1 hybrids produced by crossing two inbred strains will 
grow tumors indigenous to either strain. 
4) Only a fraction of mice of an F2 generation, or of a back-
cross produced by mating an F1 to the resistant parent, 
will groiv tumors from the inbred lines involved . 
There are occasional exceptions to these rules, particularly 
rule 2. Certain tumors when transplanted to foreign strains will grow 
in a percentage of hosts, the percentage varying widely depending upon 
the particular tumor and host strain; sarcoma 180 is the classic ex-
ample of this type. The mystery surrounding the transplantability of 
these so-called "non-specific" tumors has been partially penetrated by 
Hauschka (1952, 1953), Hauschka and Levan (1951) and Makino (1952) 
utilizing cytological techniques and ascites tumors in the mouse, pre-
pared by methods elucidated by Klein and Klein (1951) and Goldie and 
Felix (1951) . These workers have shown that non-specificity is asso-
ciated with polyploidy in t he tumor cell population, as established by 
actual chromosome counts . The interpretation of this relationship is 
obscure, although Levan and Hauschka (1953) have tentatively advanced 
the hypothesis that additional gene material may overcome resistance 
in the same way that large doses of pretreating lyophilized tissue pro-
duce tumor susceptibility in normally resistant mice . 
2. Histocompatibility factors . 
On the basis of the above delineated rules, a now generally ac-
cepted genetic theory of transplantation has been formulated which re-
lates successful grafting to the presence of multiple dominant genes 
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referred to as histocompatibility genes ; these are numbered consecu-
tively and are symbolized as H-1, H-2, etc . The genetic theory has 
been expressed by Prehn (1954) thus: 
11Grafts tend to be successful if the recipient contains 
at least all of the histocompatibility genes present in the 
donor . Conversely, a graft meets a varying amount of geneti-
cally based resistance if the graft contains histocompatibility 
genes not present in the recipient." 
The number of histocompatibility genes present in all strains of 
mice has been estimated by Snell (1948) to be at least six or seven and 
more probably in the neighborhood of fourteen . The 11strongesttt of 
these loci (Snell, 1952) is H-2, whose close linkage with the loci for 
f used tail (Fu), kink-.t tail (Ki), and brachyury C!), on the ninth chro-
mosome of the mouse (Gorer, Lyman and Snell, 1948) has made possible 
exploration of the H-2 al lelomorphic series which now comprises ten do-
minant alleles (Snell, 1951; Snell and Higgins, 1951; Snell, 1952, and 
Allen, 1955) . Successful transplantation is thus a function not only 
of multiple genes but also multiple alleles . Exploration of the loci 
H-1 and H-3 is currently taking place (Snell, 1952) . An interesting 
feature of the H- 2 alleles is that not one of those so far found is 
recessive; all express themselves in the heterozygote . This is parallel 
to the situation found in the Rh genes and most other blood group genes 
in man . Another interesting feature is the occurrence of t~o compo-
nents, d and k (symbolized H-2~ or H-2~ or H- 2dk in animals having 
both components) which provides another striking parallel to the Rh 
genes where three components, C, D and E are known (Snell, 1953) . 
The nature of the action of these histocompatibility genes has 
been explored by Gorer (1937-1955) . Gorer was able to show that of the · 
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four known murine blood groups, erythrocyte antigen II was determined 
by a gene which also produced susceptibili t y to tumor i oculation~. 
Sera of C57BL mice previously inoculated with A strain tumor 1509la 
(which regresses in the blacks) agglutinate A strain red cells. Fur-
thermore, the regular coincidence of antigen II and compatibility for 
1509la and other A strain tumors in second generation crosses between 
A and C57BL indicates that blood group II and H-2 type compatibility 
are determined by the same gene. This work was confirmed by Gorer, . 
Lyman and Snell (1948) using A strain and P strain mice with the intro-
duction of the gene for fused tail (Fu) which is closely linked with 
H-2 (cross-over between one and five percent) . On the basis of this 
experimentation, Gorer has postulated that the genes which govern the 
fate of the transplant also govern iso-antigenic differences . It is 
clear then, that although the ultimate "recognition" of the foreign 
tissue graft is genetic in nature, the mecha~ism of rejection must fit 
somehow into the scheme of acquired immunity. 
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E. ACQUIRED JMMUNI TY TO THE GRAFT 
1 . Graft immunitl and iso-antigens . 
Just as cancer research has given great impetus to the analysis 
of the genetics of transplantation, so has it provided greatest moti-
vation for a study of the factors involved in acquired immunity to 
transplanted tissues . The aim of many of the early investigators was 
immunotherapy of cancer in a manner analogous to that in which certain 
infectious diseases have been treated . This aim, which has some merit 
from a purely theoretical point of view, received unjustifiably strong 
support from the early researchers in the field . These early researches 
have been exhaustively and critically reviewed (Woglom, 1929; Spencer, 
1942; Hauschka, 1952) and will not be dealt with here since they are 
too extensive, conflicting, and, because they did not adequately ac-
count for genetic factors, uncontrolled . The upshot of investigation 
of tumor immunity was the someNhat saddening realization that the im-
munity engendered was not specifically antineoplastic, but rather was 
directed against the iso-antigens of the graft which were shared by 
not only normal but embryonic cells of the same genetic constitution 
as the neoplasm. Thus, just as the geneticists of transplantation 
have taught us that acceptance or rejection of the graft depends pri-
marily on genetic similarity (identity) or dissimilarity, respectively, 
the explorers of tumor immunity have taught us virtually the same 
thing, that one can immunize only by taking advantage of the genetic 
difference between host and tumor graft, but only in the narrow and 
limited area where the poorly understood "non-specificity" or exhu-
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berant "growth potential" of tumor permits the graft to override the 
host's defenses . They have also shown that although these defenses 
may in some instances be v1eak towards tumor grafts, they are more than 
sufficient to demolish homografts of normal tissue . An example of 
this was the repeated demonstration that one could induce a refractory 
state in animals by pretreatment of the hosts with either normal cells 
or cell-products derived from the strain in which the challenging tu-
mor was indigenous . Therefore it was no surprise that some years ago 
Snell (1946) stated that we should not 11regard experiments in tumor 
iw~unity as having any but the most remote bearing on the problem of 
cancer prevention and cancer therapy. 11 Such therapeutic dreams rest on 
the slim possibility that the putative genetic mutation involved in 
carcinogenesis produce iso-antigenic changes in the tumor cell popu-
lation which are insufficient to evoke a po-vrerful enough immune re-
sponse to overcome the "growth potential" of the tumor, but which can 
be potentiated clinically. Although there is little evidence that one 
can induce DQmunity to spontaneous tumors in animals, the search goes 
on . From time to time there are reports that this has indeed been 
done (Lewis and .Aptekman, 1952; Richter and :HacDo\'lell, 1935; 
Goldfeder, 1945; Gross, 1943) but in each instance the tumor i nvolved 
was one which had been serially propagated for many generations, and 
it is more than likely that either the tumor or the host stock line or 
both had undergone genetic change . The observed immunity phenomena 
would then be dependent upon a "cumulative genetic gap resulting from 
long continued transfer" (Hauschka, 1952) . 
HistoricallY, then, investigation of tumor immunity was motivated 
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by a desire to treat the disease as though it were of infectious etio-
l ogy, and the entire area of research grffi~ up fairly independently of 
investigation of transplantation genetics ; when viewed in its proper 
logical perspective, however, it should be considered a continued 
search for the immune mechanisms indicated by the investigators of 
immunogenetics of transplantation such as Gorer and Barrett and Snell . 
In 1939, MacDowell, Potter and Taylor, working with c58 strain 
mice and Line I strain mice, showed that although C58 mice could be 
made r esistant to transplants of Line I leukemia by pretreating them 
with Line I leukemic cells or >vith normal tissue from Line I, these 
animals eventually succumbed to their o~m spontaneous leukemia. Fur-
thermore, such immunized C58 mice were susceptible to transplants of 
leukemic cells derived from immunized or unimmunized c58 mice. Inde-
pendent ly, Barrett (1940) showed that one could induce any degree of 
susceptibility to tumor implants by proper selection of host, tumor 
and pretreating blood genotypes; three strains of mice were used, A, 
C57 and Rockefeller Institute mice, and three tumors, l509la (indi-
genous to the inbred A strain), 755 Bagg and Bashford 63. Bashford 63 
was t aken as a "genetically indifferent" tumor and Rockefeller mice 
were taken as a "genetically indifferent" host strain. The notable 
observations in this experiment were 1) the often demonstrated ina-
bility to immunize animals by pretreatment with autologous cells (the 
prior literature on this point is exhaustively and critically reviewed 
this paper), and 2) that A strain mice could in no wise be rendered 
immune to the tumor indigenous to that strain, l509la. Barrett con-
cluded with r egard to immunity to tumor transplants produced by pre-
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treatment with blood cells, that 11 ••• as the foreigness of the immunizing 
dose tot-vard the host is decreased there should follow a corresponding 
decrease in the degree of resistance induced ." In an attempt to char-
acterize the "antigen" in the blood cells, Barrett (1951) showed that 
hemolyzed blood cells lost their abili ty to immunize, and (1953) that 
red cell stromata retained this immunizing ability unless ruptured by 
exposure to high pitched audible sound vibrations . Since these vi-
brations diminished but did not entirely destroy the immunizing ability 
of the red cells, Barrett concluded that the "antigen" must be some-
thing between the large protein molecule and the cell in size, was not 
limited in occurrence to the intact living cell, and was probably de-
pendent upon some degree of organization in the cell, such as its sur-
f ace. 
The last blow to the concept of immunotherapy of cancer was 
dealt by Woglom (Eisen and Woglom , 1941), whose 11 sobering 11 1929 review 
on cancer immunity had emphasized the vrldespread and general lack of 
control of the genetic factors to which Little had drawn attention. 
1'/oglom showed that rats of the highly inbred August strain which were 
uniformly susceptible to inoculation with a mammary carcinoma .that a-
rose spontaneously in a female of that line could not be immunized a-
gainst the tumor with injections of embryonic skin of that line, al-
though such injections were highly effective against the same tumor 
transplanted to the partially related rat strain, line 990 . He con-
eluded, 
" ••• developments in the science of genetics had made it 
clear that neoplasms propagated in mixed stocks such as 
those formerly used elicit antibodies that are directed 
against them not as tumors, but merely as cells or~gl­
nally derived from genetically different mdividuals . 11 
2. ~pes of immune bodies . 
27 
A number of types of immunity may be distinguished on the basis 
of the experimental procedure employed to elicit the resistance . There 
is that type of immunity which is evoked by a growing tumor itself: 
this is observed whenever any of the specific tumors are transplanted 
to a different genetic background. Regression of the primary implant 
generally leaves the animal resistant to a second challenge with the 
same tumor. This technique has been repeatedly employed since reported 
by early workers , and has been cunningly utilized more recently by 
Prehn and Main (1953) who used tail inoculation and subsequent arnpu-
tation (to prevent generalization) as the immunizing technique. A 
variant of this technique may be found in the work of Saphir and Appel 
(1940) 111ho used the Brown-Pierce carcinoma, an amazinely site-spe-
cific (t esticular) transplantable neoplasm in r abbits . Transplanta-
tion of this tumor intradermally, subcutaneously or intramuscularly 
results in ultimate regression which renders the host resistant to 
intratesticular challenges with this tumor. This observation was con-
firmed by Cheever and Janeway (1941) who also showed that pre-inocu-
lation with fetal skin conferred a "slight11 immunity when hosts were 
challenged in the intra-testicular site . This latter experiment il-
lustrates yet another method of inducing resistance which has been 
t ouched on before, namely, by prior injection of material different 
from the test tumor. A number of reports of the use of normal cells 
such as blood (Barrett and associates, 1940-1953), f etal inocula 
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(Cheever .and Jane1.vay, 1941; Saphir and Appel, 1940; Eisen and ~voglom, 
1941; Sturm, 1941), normal adult tissues such as liver, kidney and 
spleen suspensions (HacDmvell, 1939) for immunizing purposes have been 
made . Whether killed cells or tissue products could be utilized for 
immunization procedures was heavily debated by Woglom (1929) and 
Spencer (1942), but recent work has shown that they can . Snell and 
his associates (1946, 1948) demonstrated that lyophilized tumor tissue 
was capable of inducing resistance, and Snell (19.52) and Kaliss (19.51, 
19.52) were able to show the same effect utilizing lyophilized normal 
tissues such as kidney, spleen and liver. Dulaney et al . (1949) in-
duced resistance by prior inoculation with either the microsomal or 
mitochondrial fraction of disrupted cells, whereas the immune response 
to whole nuclei was weak. The results of these experiments (and some 
which will be described with reference to skin grafting) together with 
the genetic and immunogenetic researches of Barrett, Snell, Kaliss, 
Little and others previously reported in this paper indicate that re-
sistance to the graft is probably a species of acquired im~unity. 
The strongest evidence for fitting the homograft reaction into 
a scheme of acquired immunity is operational, and rests on the demon-
stration that a second graft into an animal which has resisted a first 
graft is rejected faster . In the field of tumor transplantation, it 
was not always possible to demonstrate this relationship due to the 
death-dealing capacities of malignant growth; all too often the non-
specificity of the tumor or the use of heterogenous stock resulted in 
death of the host before one could challenge it with a secondary im-
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plant . With the development of inbred strains and the strain-specific 
tumors, however, this relationship could be elicited directly, using 
tumor; but in the meantime it forced experimentation with normal cells, 
genetically equivalent to the tumor, as immunizing material. This pre-
treatment 111i th cell suspensions , hm.rever, may be regarded as a first 
graft of normal tissue in t he form of a cellular sus_ ension. Such sus-
pensions of epithelial cells in inbred strains of mice have actually 
been successfully used by Billingham (1956) as donor material . The 
clearest demonstrations of rejection of second- set grafts, however, 
come from experiments with normal tissue . Here, the monumental work 
of Medawar (Gibson and Medarmr , 1943; Nedawar, 1944) in mice, rats and 
rabbit s , and the confirmatory work of Sparrow (1953) in guinea pigs, 
have indicated that when the same donor and recipi ent are used, the 
s e ond-set skin homograft is more rapidly and more violently sloughed. 
The extraordinary donor specificity of this reaction is well- illus-
trated by an experiment in which Hedawar (1948), utilizing the anter-
ior chamber, not only sho-v1ed t hat the immune response depended upon 
vascularization of the implant, but that the only surviving vascu-
larized second- set i mplant of skin was provided by a donor geneti-
cally unrelated to the first donor . Hedawar has also s hown, in the 
first series of experiments, that the rapidity of the immune response 
to first set grafts was directly related to the quantity (in milli-
gr~as) of skin used for grafting . Simonsen (1953), using grafts of 
whole kidney with vascular anastomosis i n dogs, was able to show the 
same relationships . When a ki dney transplant was removed at three to 
four days and replaced by a kidney f r om the same donor, the second 
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transplant degenerated at a faster rate than the primary transplant . 
However, i.Yhen the primary graft 1-1as replaced by a kidney from "an-
other" donor (genotypically different), "the secondary transplant was 
not damaged more than the first-stage transplant . " Simonsen, in this 
same extensive paper, also sh~..;ed that the same results held following 
prior transplantation of spleen as well as skin. Although a weak ag-
glutination of donor ' s erythro~~,es by recipient serum could be demon-
strated, complement-fixation test5 were negative. 
Although the operational reality of acquired immunity to trans-
planted malignant and normal tissue could be repeatedly demonstrated, 
the strongest objection to complete acceptance of the theory has come 
fron1 repeated observations of the type that Simonsen made, not only 
that humoral antibodies were difficult to demonstrate, but also that 
these could not be shown to have any effect on grovrth of the graft 
even when found (Eichwald, 1953) . 
a . Humoral antibodies . With respect to homografts a namber of 
antibody types have been identified, which include complement- fixa-
tion antibodies, precipitins, hemagglutinins, neutralizing antibodies 
and antiblastins and cytotoxins . Hausclllca (1952) points out that the 
identification of authentic neoplastic antigens is handicapped by a 
considerable arr ay of antigenic entities known to be associat ed with 
normal cells, and which hence constitute a source of non- specific re-
action : these include species- and organ-specific tissue antigens, ti~ 
sue globulins, cathepsins, lipids, blood group substances, histocom-
patibility factors and Wasserman and Forssman antigens. Identification 
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of antibodies directed against iso- antigens of the graft is likewise 
complicated. Furthermore , viral symbionts (Law and Dunn, 19.51; •raylor 
and MacDowell, 1949) without eti ologic relationship to the cancer pro-
cess and independent of histocompatibility factors could lead to false 
conclusions, if accidentally infected tumors or normal tissues are em-
ployed. In tumors such as the Rous sarcoma in chickens and Shope pa-
pilloma in rabbits, where a virus etiolo~J is Lmplicated (or, at least, 
a filterable agent is indicated), it is not clear whether antibodies 
formed are directed against the virus or normal tissue antigens since 
certain chemically induced, non- filterabl e fowl sarcomas show close 
antigenic relationships with filterable agents (Andrei-res, 1936; Foulds, 
1937; Foulds and Dmochowski, 1939) and also because of the cros s-im-
munity between several avian lymphoid tumor strains . 
Complement- fixing anti bodi es f or the Br01m- Pierce carcinoma 
have been demonstrated by Kidd (1946) . Hecht, et al . (1943), using 
staphylococcus toxin synergistically td th skin Nere successful in 
demonstrating precipitin antibodies to skin, as >..rere All go1ver, et al. 
(19.52) . Hemagglutinins have been demonstrated by Gorer (1938 and 
19.5.5), Jay and Kaliss (1949), Kali ss and coworkers (19.50, 19.52) and by 
Lumsden (1938), who stated that "agglutination tests have the great 
advantage that they are easy to perform and to re· eat, ther esults are 
unmistakable and can be estimated without special training. 11 The ma-
jor criticism of complement- fixation tests or the demonstration of 
pr ecipitin~ or hemagglutinins is that, although these may be demon-
strable, they do not appear to affect the fate of the graft . As 
Eichwald (19.53) has stated, the elicited phenomenon may be due to low 
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iso-antibody titre, or to low agglutinability of a sample of red cells . 
All that the hemagglutinin tests really demonstrate is that the tumor 
and red cells of the donor share an antigen; there is no necessity to 
conclude that the demonstrated hemagglutinins have any effect on the 
graft. He further points out the possibility that several types of 
antibody may be involved which may have different points of attack. 
The frequent inability t o demonstrate any of the usual types of anti-
body has often been explained on the basis that the antibody is ad-
sorbed on the graft cells, an argument which Dempster (1951) finds 
"not convincing." Medawar has shmm that second-set skin grafts in 
rabbits hardly ever shavr mitotic activity (1946) and discusses the 
possibility and nature of antiproliferative or 11 antiblastic 11 anti-
bodies. 
b. Cellular antibodies . A particularly fruitful line of attack, 
which is both simple and attractive, is to demonstrate neutralizing 
antibodies by incubating tumor cells with antibody before injecting 
them into a susceptible host. Ambrus, ~ al. (1951), Green (1946), 
Imagawa, et al . (1950) and Werder, et al. (1950) were all able to show 
that tumor gr~vth was inhibited following incubation of the cells with 
serum from L~nunized heterologous hosts . On the other hand, it has 
been shown (Loeb, 1947) that incubating cells with normal heterologous, v~ 
normal homologous or immunized homologous serum produced no effect. 
Gorer and Amos (Amos, 1956) have recently, however, reported the 
ability to inhibit growth of leukoses in mice by utilizing homologous 
serum from hyper-immunized mice . Neutralizing, or "cytostatic" 
• 
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activity could be demonstrated after three days and hemagglutinating 
activity after ten days . This activity was not removed from the sera 
by absorption with normal liver . 
The first major clue that the homologous immune response may be 
o£ a cellular or cell-borne type is the observation by Kidd and Toolan 
(1950), confirmed by Ellis and Kidd (1952), that if minced lymph node 
from immunized animals is included with the immune serum inhibition of 
the tumor cells occurs . Previously, Billingham et al . (1951), in 
their studies on the effects of cortisone in allaying the homograft re-
sponse to skin, had indicated that the resistance was central rather 
than peripheral. Prehn and Main (1953) in an experiment involving 
both skin and tumor transplantation had shown that the resistance fac-
tor was not fixed in the tissues, but was mobile and therefore, central. 
Algire , Prehn and Weaver, in a series of recent papers have employed 
diffusion chambers constructed of synthetic filters of varying pore 
size (millipore filters) to show the complete dependence of the homo-
graft immune response upon the presence of host cells at the site of 
implantation (Algire, ~ al . , 1954; Prehn et ~. , 1954; Weaver et al . , 
1954'; Prehn~~. , 1955) . When diffusion chsmbers were constructed ../ 
so that the filters would prevent the passage of cells such as leuko-
cytes and macrophages, they found that such chambers could be placed 
in isologous, homologous or specifically immunized homologous mice for 
periods up to three months leaving the incorporated malignant or normal 
tissues unaffected . Neither could cells placed within such chambers 
irrnnunize mice to subsequent challenging implants . If a filter ;1as 
used that would permit the passage of host cells because of wider pore 
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diameter, the implants were destroyed, but only in specifi~ally immu-
nized animals . However, such intra- chamber cells could be destroyed 
in cell- imprenetrable chambers if washed spleen cells from specifi-
cally immunized mice were included within the chamber . Spleen cells 
from normal (un-immunized) animals were harmless. Thus the intra-
chamber cells survived in all cases unless they were exposed to cells 
of a specifically immunized mouse . Results in a heterologous system 
were quite different. When mouse cells were incorporat ed within dif-
fusion chambers placed in a group of non-irmnunized rats, the cells re-
mained alive until after similar intra-chamber mouse cells in a group 
of specifical~ immunized rats had been destroyed . The implication i s 
t hat the immune reaction in heterologous hosts, where demonstration of 
antibody had been relatively easy, is humoral, '~>rhereas t.he immune re-
sponse in homologous hosts, where demonstration of antibody by the 
usual methods has been lacking or difficult, i s cellular. Prehn et al . 
(19.5.5) conclude, 
"These studies indicate that under these experimental 
conditions both the antigen and the cytotoxin in homologous 
tis sue immunity were closely associated with int act cells and 
were not dissociated from them in effective quantities . " 
Prehn (19.54) has speculated that a whol e 11 spectrum11 of re-
sponses to antigen by the host is possible, ranging from the purely hu-
moral to the purely cellular with considerable overlap between the ex-
tremes . According to this view, the particular segment of the response 
that is elicited depends on the degree of genetically determined dif-
ference between the antibody- f orming organism and t he antigen or donor 
thereof. When the difference is great, as f or example when bacteria 
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are introduced into mammals, the response is strongly humoral; when 
the differAnce is small, as with homograft iso-antigens, the response 
is heavily cellular. Woodruff (personal communication) has hypothe-
sized that the presence of the weak humoral antibodies occasionally 
demonstrable in the homograft reaction may be explained by supposing 
them to have an opsonin-like action . Woodruff (1956) has supplied 
further support for what we may call the "cellular theory" of homo-
graft resistance by extending the use of millipore filters to a study 
of orthotopic skin grafting. Be has shown that if the synthetic fil-
ter is placed between the host and the graft, the graft is not anti-
genic, a.nd specifically immunized rats do not affect the graft, as 
demonstrated qy survival time of the same graft when retransplanted to 
another region of the host vdthout incorporating the millipore mem-
brane. The observations of Prehn and his group that leukocytes and 
macrophages lfere present when the porosity of the diffusion chamber 
filters were changed so that the implant was destroyed, is a clue as 
to the type of host cell responsible for homotransplant immunity . This 
was also indicated by Kidd's (1950) experiments with the incorporation 
of minced lymph node in neutralizing tests . The ability of cortisone 
to abolish defenses to foreign tissue implants, and its known effect 
in suppressing the reticulo-endothelial system further implicates the 
reticulo-endothelial system. This is further supported by the work of 
Kaliss and Borges (1952) with trypan blue blockage of immunity, and by 
the work of Billingham et al . (1955) who showed that soecifically ac-
-- -- " 
quired tolerance of skin grafts in mice could be abolished at any time 
by the transpl antation of immunized lymph nodes into the tolerant host. 
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Although Loeb's (1941 ) and Murphy 's (1926) work had implicated 
the lymphocyte, the curr ent mass of opinion favors the plasma cell qS 
the probable instrument of immune response (Coons and LeDuc, 1955) . 
Recently, the experiments of Scothorne (1956) have tended to shov1 that 
the cell involved in the response is a "large lymphoid" cell in the 
lymph node draining the implant area . His v-rork also tends to show 
that the mechanism of action of cortisone in suppressing the response 
is not so much to suppress the cell-producing site as it is to lessen 
the "antigenicity" of the implant. 
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STAT~~ENT OF THE PROBLEM 
In 1951, Lutz ~ ~., reported the induction of a sarcoma in 
golden hamsters by repeated injection of a suspension of methylchol-
anthrene in oil of lard, and described the serial propagation of this 
tumor, for three transplant generations, in the cheek pouches of 
hamsters. Although the tumor remained 100% transplantable, Sherman 
and Adams (unpublished data) were able to show changes in the growth 
rate of the tumor after ten to twelve transplant generations . At 
about this time, I became interested in the problem of inducing an im-
munity to this tumor, and a basal-cell carcinoma of hamsters, for the 
purpose of observing vascularization of tumor implants in the cheek 
pouches of immunized hamsters . 
As we have pointed out in a previous section of this report, 
immunity to neoplasms is not essentially anti-neoplastic, but is di-
rected against iso- antigens in the grafted tumor cells . Hence, tumor 
immunity is predicated on the existence of genetic difference between 
host and graft. In a heterogeneous group (_! . ~. , heterozygous or non-
inbred group), any method which is successful in destroying a primary 
implant generally leaves the host with a heightened resistance to 
challenging implants of the same tumor. Methods of destroying the pri-
mary implant have already been reported. One interesting method has 
not been mentioned, however, and that is strangulation of the primary 
transplant (Foley, 1953; Le-.ris , and Aptekman, 1952) . Repeated efforts 
to i~munize golden hamsters to the Lutz sarcoma and the basal- cell 
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carcinoma were unsuccessful . Although strangulation of primary trans-
plants was successful in destroying about a third of the pr imary trans-
plants, the animals remained susceptible to challenging implants . In-
traperitoneal injection of animals with homologous liver, kidney and 
spleen suspensions, as well as suspensions of defibrinated or oxalat ed 
washed blood cells similarly had no effect on determining the fate of 
subsequent transplants of tumor to the cheek pouch. These consistent 
negative results led us to reevaluate our original assumption of gene-
tic heterogeneity, since the animals were reacting in the immunity sit-
uation precisely like inbred strains towards indigenous tumors . We 
therefore hypothesized, perhaps naively, t hat golden hamsters might be 
accidentally closely inbred, and therefore homozygous, in the face of 
contrary evidence . This contrary evidence may be summarized as 
follows: 
1. Complete absence of evidence in the form of inbreeding 
records for the animals which were drawn from a professional 
breeder. 
2. Observed differences within litters in coat-color, 
size, weight, tractability. 
3. The most convincing evidence, that any attempt to in-
br eed golden hamsters at Boston University has resulted in the 
appearance of abnormalities and a striking decrease in net 
fertility by the fourth to the sixth generation of brother-
sister mating. 
To resolve the apparent contradiction (homogeneity versus 
heterogeneity), one could have gone through the laborious business of 
setting up several inbred strains and repeating the immunity experi-
ments, a matter which might have taken considerable time . On the other 
hand, the problem of whether hamsters wer e or were not genetically si-
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milar could be determined by observing the reacti ons of hamsters to 
homografted skin . 
For homografts of skin as well as tumor, just as the rejectton 
ans subsequent immunity to the graft is predicated on a genetic dif-
ference, acceptance (survival) of the graft is based on genetic simi-
larity, or i dentity. Homografts of skin, however, are far more sen-
sitive to genetic difference than are grafts of tumor, as we have 
seen, probably because of the vastly greater number of requisite gene-
tic factors . Medawar (1953) has shown that by a liberal estimate, one 
could encounter an exact matching of donor and host transplant genes 
one in 300 times in a heterogeneous human population . The fineness of 
the skin homograft response to differing genetic backgrounds is evi-
denced by the fact that such homografts succeed experimentally only 
when donor and host are members of an inbred strain (! ·~· ' in an iso-
graft situation), or clinically, only when they are identical twins . 
Indeed, Eichwald (1955) has shown that even within an inbred strain, 
the differ ence bet1-reen male and female (referent to presence of a 
histocompatibility locus on the Y-chromosome, Snell, 1956) is suf-
ficient to cause rejection of male to female grafts although female to 
male grafts were successful . The graft, when rejected, or sloughed in 
the parlance of the skin grafter , is rejected within a month, or six 
weeks with humans . Therefore, if skin homografting succeeds only when 
donor and host are genetically identical, or very nearly so, then suc-
cessful skin grafting in animals drawn at random from a genetically 
unknown population means that they were drawn from a homozygous popu-
lation . This is the basic reasoning behind use of skin grafts to de-
40 
termine whether hamsters were or were not homogeneous . The specific 
question that we have posed in this study, then, is, are skin homo-
grafts in hamsters successful or not? 
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METHODS 
A. SKIN GRAFTING 
For the purposes of this investigation I have employed full 
thickness free skin homografts circular in shape and measuring 2 em. 
in diameter according to techniques developed by myself following pre-
liminary investigations of the utility of a number of different ap-
proaches . The process which finally proved most satisfactory is as 
follows. 
Host and recipient in each instance were anesthetized by intra-
peritoneal injections of the appropriate dosage of sodium pentabar-
bitol {Veterinary Nembutal, Abbott) . Dorsal fur was clipped by means 
of either curved, blunt scissors or an electric shaver designed for 
animal and laboratory use, care being taken to avoid nicking the un-
derlying skin . Although infrequent interruption of the epithelium oc-
curred, in no instance was it observed to influence materially the sub-
sequent fate of the graft. The clipped area on the dorsa of both host 
and recipient was then swabbed with a dilute tincture of iodine and 
permitted to dry thoroughly. Circular grafts were then cut from the 
lumbo-sacral region of each animal in such a 1-vay as to avoid the 11hip 
glands" (a secondary sex character in males which is present as a ru-
diment in females only until the sixth v.reek of age) . The diameter of 
the graft was measured by means of an ordinary celluloid ruler and the 
graft was cut with Kahn sur gical dissecting scissors (6 inches, curved) . 
The graf ts wer e freed from their underlying connective t issue and ex-
changed beh·een the two ani.mals so that in effect each animal acted as 
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both host and donor, giving us the advantages of running parallel ex-
perL~ents and precluding the possibility of differential transplant-
ability in different areas, for which, hm~ever, there is no experi-
mental evidence to date. 
When the graft was placed into the recipient site, care was 
taken to rotate it 180° so that the anterior edge of the graft was co-
apted to the posterior edge of the defect in the host . In this way 
hair in the graft grew "against the grain ." In exchanges of skin be-
t -vreen animals where color of the hair was the same in host and reci-
pient, this reversal of direction of hair comprised the prime criterion 
of successful transplantation . 
The grafts 1-vere secured i nto place by means of a rmming suture 
made with a cutting edge, half-curved needle and nylon suture (Deknatel, 
5/0) . Adequate hemostasis was obtained when needed by swabbi.ng with 
absorbent cotton or by pinching the cut end of bleeders with fine for-
ceps . Animals were returned to their cages immediately. 
The technique described above departs from orthodox technique 
(Billingham, 1954 ; nillingham and }ieda;l'lar, 1951 ) in that we have dis-
carded as unnecessary both interrupted sutures and postoperative pres-
sure bandages . The running suture was sufficient not only to close 
the 1-round but also to insure adequate distribution of tension in the 
graft, which is reputedly the function of the interrupted sutures . I 
did not employ pressure bandages since I felt that they could hardly 
improve the outcome in agouti-agouti interchanges of skin, and, having 
once performed the grafts in this manner, it was necessary to employ 
the same method in the interests of standardization, even in the case 
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of albino- albino and agouti-albino interchanges 1-rhere it is conceiv-
able that a resort to the use of pressure bandages may have irnproved 
the percentage of successful grafts . Use of a simple running suture 
and discarding use of dressings greatly simplifies the grafting pro-
cedure. I feel that the saving in time and the adequate closure of 
the wound , combined with the great natural resistance of the hamster 
to infection, fully justify the departure from standard operational 
procedure. Simplification of experimental handling and technique is 
desirable in that it minimizes the possibility of action of inter-
current and unnecessary factors . Rectangular grafts were tried but 
were found to be unsatisfactory with either running or interrupted su-
tures since the corners could not be adequately secured in place. I 
ultimately decided on the use of a rather small, circular graft (2 em. 
in diameter) placed well posteriorly on the animal's back for two ma-
jor reasons (1) Medawar (1948) had shown that the size of the graft in-
fluenced the fate of the homograft in rabbits, larger grafts sloughing 
faster and more violently than smaller ones ("dosage" phenomenon), so 
that a standard size graft is necessary, and (2) I intended to expand 
research into the area of multiple grafts, in which case a small 
initial graft would leave enough room on the dorsum of the host for at 
least two more grafts of similar size. 
B. ANIMALS 
Animals used in this study were golden (or Syrian) hamsters, 
Mesocricetus auratus, in both the agouti and the "albino" form. The 
taxonomy of the hamster and the anatomy of the cheek pouch and its as-
sociated musculature and blood vessels have been described elsmvhere 
(Priddy and Brodie, 1948) . The 11 albino 11 is distinguished from the 
agouti by unpigmented hair, pink eyes and the melanization of its ear 
tips at approximately six weeks of age . This melanization of the ear 
tips suggests that we are dealing here with a case similar to hima-
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layan albinism in rabbits . The coat color change appears to be con-
trolled by a single recessive gene, inasmuch as all F1 offspring of 
agouti and albino matings were agouti (23 animals in six litters), and 
the F2 segregated in a ratio of 19 agouti to 7 albino in 26 offs ring 
of 4 matings . 
All animals used in this study nave been supplied by professio-
nal breeders . We have used agoutis from three sources; they are de-
signated according to source as Ingham, from the Ingham hamstery, 
Daniels from the Daniels hamstery, and Schwentker from the Schwentker 
hamstery (Tumblebrook Farm) . The albinos were originally obtained 
from La Casse who has been breeding the animals since he discovered the 
mutant in a litter cast by a golden dam that had been mated to a gol-
den sire. 
The Schwentker breed are descendants of a colony of hamsters 
which had been highly inbred in England, then transported to the 
Rockefeller Institute, where inbreeding Has continued, and then gi ven 
to Schwentker who has continued brother-s ister mating to the present 
day. The Ingham stock (Golden Nugget strain) was developed by crossing 
from a number of pre-existing "strains" and 1-1as then brother- sister 
mated for six generations, after which random mating has been the prac-
1.···· 
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tice . No attempt has been made to inbreed the Daniels stock closely, 
although brother-sister mating without establishing clonal lines has 
been practiced of late . 'I'here are no standard inbred or pure lines 
of hamsters in existence which would be equivalent to the better-
known inbred strains of mice and rats . Aside from the Schwentker 
colony, I know of no strains which have undergone the sort of selec-
tive close inbreeding that is necessary to produce pure genetic 
(homozygous) lines . 
It has been stated that all of the hamsters in this country a-
rose from one litter discovered in the Near East, part of ·Thich was 
sent to the United States, part to England . There is, as far as I 
have been able t o ascertain, no documentation for this statement . Any 
attempt to trace the origins of hamsters in this country, although 
germane to the problem, is beyond the scope of the present investiga-
tion and must rest on future interest in the problem. 
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RESULTS 
The rationale of the basic experiments with skin grafting may 
be understood by reference to the schematic diagram in Figure 1 . To 
avoid the possibility that the Ingham strain (which has been most 
widely used in this laboratory, and which was sued for the tumor im-
munity experiments) has been accidentally inbred, three "strains" of 
agouti hamsters, drawn from different geographical areas were used . 
These strains and their origins have been described in the section on 
Methods. The basic technique followed, was to transplant skin between 
individuals which were members of the ~ strain, and then betueen 
individuals of different strains . The Ingham groun was used as the 
point of reference, or "home" strain, and it was taken as axiomatic 
that strains transplantable to Ingham would be transplantable to each 
other. For this reason, when it became clear that both Daniels and 
Schwentker strains were transplantable to Ingham, we assumed that they 
would thus be transplantable to each other and did not test this ex-
perimentally. Similarly, when it was shown that skin was transplan-
table.homologously within either the Ingham or Daniels strains and 
further that skin was transplantable from Schwentker to Ingham, it was 
assumed that skin within the Schwentker strain was transplantable ho-
mologously; this was not tested experimentally either. Later, when 
albino animals were obtainable, skin was exchanged only with Ingham 
strain animals . 
I 
I 
AGOUTI ALBINO 
Daniels _ Daniels 
! l 
Ingham Ingham I ~I La Gasse ~ I.a Casse 
lf 
S.chwentker I 
Figure 1 
Schema of rationale of basic skin homografting 
experiments with agouti and albino hamsters, 
(Mesocricetus auratus). 
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A. FIRST- SET GRAFTS (PRIMARY GRAFTS) 
1. Agouti ~ agouti exchanges . 
Results of skin grafti ng in the various agouti strain combina-
tions are reported in Table I . These results embrace the left half of 
the rationale scheme presented in Figure 1 . As we have mentioned pre-
viously, the criteria for successful establishment of the graft were 
1) grm.;th of hair of the appropriate color, and 2) reversal of direc-
tion of the hair in the graft. On the basis of these criteria, it be-
came quite clear that there were no violent sloughs of skin homografts 
within the month or so following the operation as would be expected in 
a heterogeneous group, and that success of the homograf ts was not li-
mited to any one of the strains of agoutis employed but was evi dent in 
all three . Although most of these grafts were observed for a peri od of 
more than a year, the chart takes as an endpoint for each experiment 
the time when each graft was biopsied, to preclude the possibility that 
this very simple technique might affect the longevity of the graft ; 
actually there was no such effect. In all instances where young ani-
mals were included, the grafts grew in step vri th the hosts, a further 
evidence of good establishment of the grafts . Although every effort 
was made to match donor and host animals with respect to age , weight 
and sex, intersexual grafts were in some instances made . Since it is 
not the subject of an acute experiment, I have not included any data to 
support the obse~ration that sex did not appear to be a factor in de-
termining the success or failure of the graft. The following obser-
vations from Table I deserve special mention: 
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Table I 
Results of full-thickness fr ee skin homografting in several 
"strains" of agouti hamster (1•1esocricetus auratus) 
Time of Number Sue- Number 
Type of Exchange Biopsy cessful Grafts Grafted 
_!_ 
Ingham to Ingham 6- 9 mos . 48 48 100 . 0 
Daniels to Daniels 5 mos. 8 8 100. 0 
Ingham to Daniels 4-5 mos . 10 10 100. 0 
D nie1s to Ingham 4-5 mos . 10 10 100. 0 
Ingham to Schwentker 4 mos . 14 16 87 . 4 
Schwentker to Ingham 4 mos . 16 16 100. 0 
TOTAL Agouti to Agouti 106 108 98.1 
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1) High percentage of successful grafting of all agouti 
skins, varying from 87 . 4% to 100. 0% in 108 animals . The total 
percent of successful grafts of 106 out of 108, is 98.1%. 
2) Great longevity of the grafts . Survival of at least 
four to nine months . 
3) Success apparently independent of genetic homogeneity 
or heterogeneity. 
The only known inbred strain employed in this series of experi-
ments was the Schwentker group; the other two are presumed to be non-
inbred (heterozygous) stock. It should be restated that all that is 
known with certainty about them, however, is that they are at present 
randomly mated . Whatever the genetic backgrounds of these animals may 
I 
have been, it is clear that for the peri od during which they were ob-
served, officially four to nine months but for over a year unoffi-
cially, the animals acted with respect to skin homografts as though 
they were all from the same inbred population. Since it was ~likely 
that even if deveioped from the same inbred population originally they 
should have retained genetic identity after separation into three iso-
lated colonies for over five years, we entertained the hypothesis that 
skin grafting in these animals was largely independent of genetic fac-
tors, at least under the conditions of this experiment . The point 
could only be experimentally demonstrated, however, by introducing 
genes from a known foreign stock into this agouti stock. Therefore, 
experiments with the albino hamster were undertaken. 
2. Exchanges involving albinos . 
Experiments in which albinos were used as donors and hosts, or 
as parents for hybridization experiments (the hybrids to be used as 
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both donors and recipients), are summarized in Table II . To effect an 
easier comparison, the agouti-agouti exchanges as summarized in the 
last line of Table I are incorporated in Table II. A consideration of 
the albino-albino exchanges and the albino-to-agouti and agouti-to-
albino exchanges thus completes .the rationale scheme presented in 
Figure 1. From Table II it can be seen that a total of thirty out of 
thirty-seven skin homografts 1ilthin the albino coat-color strain were 
successful for at least two to six months . Likewise, at two to six 
months, fifty-one out of fifty-four albino- to-agouti homografts and 
t wenty-nine out of thirty seven agouti-to-albino homografts were also 
highly successful . Albinos and agoutis were crossed to produce F1 hy-
brids and these in turn were mated to produce an F2 generation. Skin 
grafts were then exchanged between these F2 and agoutis which were 
"pure11 , in the sense that they had never at any time in their ancestry 
been crossed to albino stock (see Figure 2) . At four months, eighteen 
out of nineteen grafts tvere successful when F 2 animals were hosts, and 
seventeen out of nineteen grafts were successful when 11pure 11 strain 
agoutis (Ingham) were hosts . 
Statistical testing (Chi-square, at the 5% level of significance) 
shows that the response of albino to albino skin homografts (81.1%) is 
different from the response of agouti hosts to agouti skin homografts 
(96 . 1%) . Similarly it can be sho1m that the response of agouti ani.rnals 
to agouti skin is different from the response of albinos to agouti 
skin. 
The high degree of successful skin homografting within the agouti 
- - : 
. --- - -
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Agouti Albino 
X 
Agouti Albino 
Figure 2 
Schema o£ genetic experiments 1v.ith skin homografting. 
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Table II 
Full-thickness free skin homografting within and between two 
coat-color "strains" of golden hamster (Mesocricetus auratus) 
Time of Number Sue- Number 
Donor Host Biopsy cessful Grafts Grafted 
_!_ Total ( %) 
,outi Agouti 2 months 106 108 98.1 
2-3 months 32 35 91.4 
96.1 
Albino Albino 2 months 15 20 75.0 
6 months 15 17 88.2 
81 . 1 
Albino Agouti 2 months 17 18 94.3 
2 months 15 16 93.7 
6 months 19 20 95.0 
94.4 
Agouti Albino 2 months 12 18 66.7 
6 months 17 19 89 .5 
78.7 
Agouti F * 4 months 18 19 94.7 94.7 F -r~ Ago~ti 4 months 17 19 89 .5 89.5 2 
* 
F2 of albino x agouti 
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coat color group suggests that its members are genetically close . 
Similarly the high degree of successful skin homografting within the 
albino coat color group also argues that they, too, are genetically 
close. The percent of successful grafts within each coat-color group 
can be shown to be significantly different from each other using the 
usual statistical criteria. In effect, then, it is as though we have 
been dealing with two partially inbred strains . If this is so, how-
ever, on the basis of experience with other species (as reported in 
the survey of the literature) transplantation between these coat color 
groups would be expected to result in failure . Table II however, 
shows that this is not so . Transplantation of agouti skin to albinos 
is successful and transplantation of albino skin to agoutis is also 
successful, although the transplantability of albino skin to agoutis 
is greater than that of agouti skin to albinos . Further evidence that 
we are probably not dealing 1ri.th inbred strains of agouti and albino 
hamsters comes not merely from absence of adequate inbreeding records, 
but also from the experimental observation of high transplantability 
of skin between F2 and 
11pure 11 agoutis (Table II) . According to the 
genetic theory of transplantation, the success of transplantation of 
agouti skin to F2 animals, assQming ten to fifteen genetic factors, 
should be of the order of considerably under one percent . One cannot 
explain the free transplantability of skin from agoutis to albinos and 
~versa, or the same result between agoutis and F2 hybrids, by as-
suming that the mutation from golden stock to albinism left putative 
histocompatibility loci unaffected . The statistically significantly 
lower homotransplantability of skin obtained 1-vhenever the albino was 
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host and the relative non-specificity of reaction whenever the agouti 
was host prove this point . The higher reactivity of the albino ham-
ster to skin homografts, and the relative lack of reactivity on the 
part of the agouti hamster, shown in the series of eA~eriment s s~ma-
rized in Table II are further shmm by the observations on differen-
tial graft degeneration during the post-operative year to be reported 
in t he next section. The net effect of this series of experiments is 
to show, therefore, that the introduction of genes from a presumed 
foreign population (albinos) into the agouti population by hybridiza-
tion has not greatly affected the high degree of transplantability of 
skin in hamsters. 
By way of summary the following points from the series of ex-
periments reported in Table II are noteworthy: 
1) The high degree of transplantability of skin within 
the agouti coat-color strain, within the albino coat-color 
strain, and between these coat-color strains, expressed as a 
percent of successful grafts for from t1-10 to nine months . 
2) The high degree of transplantability between 11pure 11 
agouti animals and F2 hybrids of crosses between agoutis and 
albinos . 
3) The higher degree of transplantability (statistical~ 
significant) within the agouti group than within the albino 
group. 
4) . In interchanges of skin between agoutis and albinos, 
the higher degree of transplantability when agoutis were hosts 
than when albinos were hosts (statistically significant) . 
5) The percent of successful grafts when agoutis were 
hosts to transplants of agouti skin cannot be shown to be sig-
nificantly different from the percent 1'11hen agoutis I'IT'ere hosts 
to transplants of albino skin . In both instances, the re-
sponse (transplantability) was quantitatively the same . 
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6) The resistance of albino hosts to transplants of 
agouti skin was greater than the resistance of albinos to trans-
plants of albino skin; the resistance in the latter instance 
being greater than when agoutis were challenged with either 
albino or agouti skin . 
3. Differential rejection~ grafts with~· 
Although space -vras limited, a number of animals were kept in 
the colony after transplaTJtation and follovTed for approximately a 
year. By nine to t1-velve months, the initial resistance manifested by 
sloughing right after grafting began to evidence itself during the 
post-operative year as a slo1-1 breakdovm of previously successful 
grafts . This progressive breakdmm vJhich is evidence of chronic, low 
grade resistance, is initiated with a loss of hair, which is followed 
by _scurviness and flaking of the graft epidermis, and is followed, in 
turn, by slmv conver sion to scar tissue. A summary of the breakdown 
is presented in Table III for a small group of animals . Although the 
events described above may be recognized discretely, the regressive 
process is a continual and slow one, and in any srunple at any instant 
in time, all events may be seen . The sample has therefore been di-
chotomized with respect to tL~e, and the number of successful gr afts 
(!·~ · ' with a full crop of hair) in the same sample of animals is re-
ported for the first tvro to six months, and then for nine to twelve 
months after grafting. Dichotomizing with respect to t ime here has for 
us the advantage of reporting the results for a small group of ani-
mals very dramatically although it gives no··· exact picture of the ki-
netics of the degenerative process, except to shmv that it begins in 
earnest between six and nine months after grafting. It is noteworthy 
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Table III 
Differential degeneration of skin homografts in different donor-host 
systems during the post-operative year. 
Donor Host ~· Percentage successful grafts~ 
2-6 months 9-12 months 
after grafting after grafting 
Agouti Agouti 48/48 (100.0) 24/24 (100.0) 
Albino Albino 15/17 ( 88 . 2) 
Albino Agouti 19/20 ( 95 .0) 10/13 ( 74 . 6)*"~ 
17/19 ( 89.5) ** Agouti Albino 2/13 ( 15.4) 
* The number in the numerator of the fraction represents the number of 
successful grafts; that in the denominator, the total number of animals 
grafted. Each fraction is expressed as a percentage in parentheses . 
~><. ~See Table IV for differential distribution with respect to graft 
condition. 
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that 1) agouti-agouti exchanges seem t o have suffered no change during 
the observation period, the percentage of successful grafts remaining 
100% although the sample size diminished from forty-eight to twenty-
four due to intercurrent death; 2) interstrain grafts (!·~· 'a gouti­
to-albi no and albino-to-agouti grafts), on the other hand , showed a 
progressive breakdovm, which, to judge from the endpoints at nine to 
twelve months, progressed at a faster rate when albinos were hosts to 
agouti skin t ransplants (two out of thirteen, or 1.5 .4% successful 
grafts) ti1an when agouti animals were hosts for albino grafts (ten out 
of thirt.een, or 74.6% SJ. ccessful grafts) . It is indeed unfortunate 
that no albino-albino interchanges of skin 1vere follmved for similarly 
long periods of time. These data (Table I II) thus show a differential 
rate of breakdown of skin homografts in hamsters which parallels the 
differential initial resis tance reported in Table II . Thus, in agouti~ 
agouti systems the initial resistance (at two to six months) was low 
and there was no breakdown of grafts for a year after transplantati on. 
-When agoutis acted as hosts to albino skin grafts there was no demon-
strably different initial r esistance, but breakdown of the grafts oc-
curred during the following year . When albinos acted as hosts to 
agouti grafts, the init ial resistance was greater than that shown to-
wards transpl nts of its o~vn (albino) homografted skin, and conse-
quently greater than the resistance shown in agouti-agouti systems , 
and also greater than the resistance manifested by agouti s toward al-
bino skin. The rat e of degeneration of these agouti skin grafts in 
albino hosts was likewise greater than the rate indicated for agouti-
agout i or agouti-to-albino systems . 
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Table IV 
Differential distribution of skin homografts in two donor- host systems 
with respect to graft condition one year post-operatively 
Condition of Graft* Agouti-to-Albino Albino-to-Agouti 
slough 1 0 
no hair 7 1 
scant hair 3 2 
good graft 2 10 
TOTAL 13 13 
-
* See text for criteria. 
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Table IV is a breakdown of the data reported in Table III for 
agouti-albino and albino-agouti systems at nine to twelve months, and 
is included here to demonstrate ho1..; at any point in time the grafts in 
a sample may range from successful to unsuccessful . Four stages on a 
continuum in the degeneration of a homograft, arbitrarily decided upon 
with hair growth or presence as the criterion are recognized: success-
ful or good graft, scant hair, no hair (with or without flaking of the 
epithelium) and slough (scar tissue) . The differential distribution of 
agouti-to-albino homografts and albino-to-agouti homografts with re-
spect to these stages of degeneration, which are a function of time, 
implies a differential rate of degeneration of these two groups, and 
supports the data reported in Table III. 
That the resistance developed during the post-operative year is 
born from an exposure of the host and graft to each other for a long 
period of time and is not merely the development of "resistance fac-
torsn 'tvith age can be shown by the fact that 1) agouti- agouti systems 
retained their integrity while interstrain systems were breaking do-vm, 
and 2) homografts of skin in forty agouti hosts which were over a 
year and a half of age when grafted were equally as successful as 
agouti-agouti homografts in eight to twelve weeks old animals . 
B. HO.HOGRAFTS AND AUI'OORAFTS IN ALBINOS 
Table V surmnarizes an experiment in Hhi ch an autograft and a 
' homograft, performed simultaneously in the same animal, are compared 
two months after this double operation had been perfor1ned in twenty 
albino animals . This experLment was designed for three purposes: first, 
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Table V 
Simultaneous autografts and homografts in the same animals. 
Condition of the Grafts 
(at 2 months) 
Donor Host Type of Totals 
Graft Auto- Homo-
Autograft Homograft graft graft 
f 359 m 369 1-1- pl- f to m 
f 360 m 370 1-1- ;.;. 
f 361 m 371 1-1- ;.;. 
f 362 m 372 ;. .;. ;. ;. 
f 363 m 373 1- 1- 1- 1-
f 364 m 374 ;. ;. slough 
f 365 m 375 slough slough 6/7 5/7 
m 366 m 376 1-1- r m tom 
m 367 m377 ;. ;. 1-1-
m 368 m 378 ;.;. 1-1- 3/3 3/3 
m 369 f 359 1-1- 1- ;. m to f 
m 370 f 360 1-1- ;. ;. 
m 371 f 361 ;. ;. slough 
m 372 f 362 ;. ;. ;. 
m 373 f 363 1-1- 1- 1-
m 374 f 364 ;.;. 1- 1-
m 375 f 365 1- ;. slough 7/7 5/7 
m 376 m 366 1- ;. 1- ;. m tom 
m377 m 367 1- slo~h 
m 378 m 368 1- 1- 3/3 2/3 
TOTAL 19/20 15/20 
f = female m : male * • graft not growing in step with the host 
AUTOGRAFT 
0 
HOMOGRAFr 
ALBINO ALBINO 
Figure 3 
Schema of auto- and homotransplantation 
simultaneously in the same animal, show-
ing relative positions of each graft. 
Note that in all experiments, first-set 
homografts retain the same relative pos-
ition. 
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dom distribution of the sloughing of homografts in a group where the 
majority of grafts were of the intersexual variety. If this experiment 
however does not show absence of a sexual factor, it at least shows 
that if it is present it operates equally effectively when the host is 
either a male or a female . 
The animals used in this experiment were quite young at the 
time of operation (six to eight weeks, forty-five to sixty- five grams) . 
It is worthy of note that although all of the autografts grew in step 
with the host, three of the successful homografts did not, indicating 
the presence of a chronic, low grade resistance . 
Comparison of the percentage of sloughing autografts and homo-
grafts in this experiment, then, gives an indication not only of the 
order of magnitude of ·l:,echnical error, but sh~-vs that sloughing of a 
homograft does not affect the fate of the autograft, and supports the 
widely held contention that the major factor in resistance to the graft 
is genetic (!·~· , genetic difference betvreen donor and host) . In the 
next section, which deals with second-set grafts, we shall see that 
two foreign grafts placed at different times into the same host (Figure 
4) affect each other . These experiments with autograft s and homografts 
therefore control, in a sense, the results in the following section. 
C. SECOND-SET HOMOORAFTS (SECONDARY GRAFTS) 
As has been discussed in the section on review of the litera-
ture, the strongest evidence that there is an acquired ~munity to 
grafts is the demonstration that second-set grafts are sloughed faster 
than first-set grafts. 
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AGOUTI 
SECOND...SET 
HOMffiRAFT 
FIRST ...SET 
HOMOGRAFT 
Figure 4 
ALBINO 
Schema of exchange of first-set and second-
set homografts using the same donor-host 
combination. Second-set grafts applied two 
months after transplantation of first-set 
grafts. 
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In skin homografting in other species, all first-set grafts 
slough, so that a functional dependence of second-set grafts on first-
set grafts depends on demonstration that second-set grafts slough at a 
faster rate (in a shorter time) than first-set grafts . In hamsters, 
where, as we have seen, resistance is so weak that only a percentage 
of first-set grafts slough withi n the first six months after grafting, 
it is logical to expect that increased resistance to second- set grafts 
occasioned by a putative sensitization of the host by first-set grafts 
will rest on demonstration of an increased percentage of sloughing (or 
conversely, a decreased percentage of successful grafts) as well as a 
decreased rejection time. This will be demonstrated in this section. 
With first-set grafts we have seen that initial resistance is 
greatest in agouti-to-albino systems, second in albino-to-albino sys-
terns, third in albino-to-agouti systems and virtually lacking in 
I 
agouti- to-agouti systems, the initial resistance manifesting itself as 
sloughing of grafts fifteen to thirty days after grafting. A pro-
gressive deterioration was observed to occur in the post-operative 
year and it parallelled in intensity the initial resistance, mani-
fasting it~elf as a differential rate of degeneration in the dif-
ferent systems utilized. The experiments to be described in this sec-
tion were formulated in an attempt to compare the reactions of these 
various ~stems to second-set homografts of skin, where the same donor 
was employed for second-set as well as first-set grafts . The data from 
these experiments are tabulated in Table VI for agouti-to-agouti, 
albino-to- agouti and agouti- to-albino systems. The first column shows 
the number of successful first-set homografts in the three systems two 
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Table VI 
Second- set grafts in albino and agouti golden hamsters 
and their effect on first- set grafts 
Donor Host Number and Percentage of Successful Grafts i f-
First-set Graft First-set Graft Second-set 
(at 2 months) (2 months after (at 2 months) 
second- set graft) 
Agouti Agouti 32/35 (91.4) 26/28 (92 .8) 20/28 (71.4) 
Albino Agout~ 17/18 (94. 3) 17/18 (94.3) 10/18 (55. 5) 
Agouti Albino 12/18 (66. 7) 7/18 (38 . 9) 3/18 (16 . 7) 
* The number in the numerator of the fraction represents the number of 
successful grafts ; that in the denominator, the total number of 
animals grafted. Each fraction is expressed as a percentage in 
parentheses. 
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months after the first operation, and it shov-rs the differential re-
sistance that we have already become familiar with. The third column 
shows the number of successful second-set homografts two months after 
they were placed. It shows that in all instances, vlhat ever the donor-
host combination, there has been an increased resistance to seccnd-set 
grafts . On the other hand the same resistance differential is observed 
once again between the three donor-host systems employed, being grea-
test when albinos were hosts to agouti skin, less when agoutis were 
host to albino skin and least of all >vhen agoutis were nost t o agouti 
skin. 'Jhus., a.lthough the first graft has sensitized i n all instances, 
the degree of sensitization was dependent upon the donor-host combina-
tion . 'I'he second colmnn reports the number of successful first- set 
gr afts in the three donor-host groups two months after the second-set 
grafts were made, and thus are recorded at the same time a s t he second-
set grafts in col umn three. By compar ison with column one it can be 
seen t hat the percentage of first-set grafts has remained constant in 
the t wo systems >-There agoutis acted as hosts, but that the sloughing 
of second-set grafts in t he one system, where albinos were host , was 
accompanied by sloughing of a number of first- net grafts . Just as 
throughout t he body of this report, a successful graft has been de-
fined as one with a full set of growing hair running against the grain . 
This method of reporting the results however obscures some of the 
finer reactions which can not readily be quantitat ed , but are better 
described verbally. The sloughing of second- set grafts was rather 
violent and took place generall y within t he fir s t tvm weeks after 
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grafting, whenever it was observed . First-~et grafts did not appear to 
slough as violently, but v1ere seen rather to degenerate more slmdy, 
but unmistakably. The symptoms of this degeneration were loss of hair, 
flaking of the epithelium, replacement by scar tissue and the appear-
ance of distinctive hemorrhagic foci . This occurred in all three sys-
tems, but once again, it was most marked in albi no hosts, less marked 
when agoutis were hosts to albino skin, and least of all when agoutis 
were hosts to agouti skin. Once again, the rejection of these grafts , 
second-set as well as first- set, must be regarded as a continuous pro-
cess, on a continuum from successful grafts through hair loss, and 
epithelial breakdown to scar formation . At any discrete time of ob-
servation, all types of reaction are observable, but in different 
proportion. That the placing of second-set grafts accelerates the de-
generation of first-set grafts is obvious from our reported untabu-
lated observations but is not shown in Table VI except for albino-host 
systems where the decrease in percent of successful primary rafts 
from 66 . 7% to J8 . 9% in two months is striking. Further support for 
accelerated destruction of primary grafts in albino-host systems comes 
from comparison of the percent of successful first- set grafts in 
column two, Table VI, four months after grafting with t he percent of 
successful first-set grafts reported in Table II . There is no dif-
f erence in agouti- host systems, although the difference bet>-Teen 78.7% 
successful first-set grafts (two to six months after grafting, Table 
II) and 38. 9% successful first - set grafts follo>-ling the placement of' 
second- set grafts (at four months after grafting, Table VI) shows that 
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when albi nos were hosts, degeneration of the second-set grafts accele-
rates the degeneration of first-set grafts . 
In general terms then, we may say that second-set grafts de-
generate faster than first-set grafts, and that degeneration of second-
set grafts hastens or accelerates the degeneration of first-set grafts . 
Tnese phenomena are more strikingly apparent in systems where the al-
bino acts as host than in those where the agouti acts as host. 
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DISCUSSION 
If the past t r,renty years of experimentation Hith homografts of 
normal and neoplastic tissue has taught us anything, it has demon-
strated the pre-eminence of genetic factors in determining the ulti-
mate fate of the graft . Hauschka (1955), commenting on Eichvrald and 
Silmser's results (1955), has pointed out, ho1.vever, that there may be 
other factors besides the genetic ones, ~·~ · , physiological ones, af-
fecting the grafting process which may not be subsumable under genetic 
control although they may "segregate as Mendelian units . " Clearly 
then, in an experimental situation, transplantation results -vrith ani-
mals of unkno1vn heritage cannot be logically expected to tell us any-
thing unequivocal about the genetics of the hosts, since the possibi-
lity of alternate explanations exists . In formal logical terms, all 
this says is that in a situation where there is no evidence that only 
! ~ ~ occasions some result ~, proving that ! does not operate does 
not prove that ~ does . It is the classical observation once again 
that the cause cannot be discerned in the effect (Hume) . In less 
general terms which are more germane to the problem at hand, although 
homozygosity implies successful t ransplantability of s kin, successful 
transplantation of skin does not necessarily mean homozygosity. In 
effect, that homozygosi·ty is a necessary and sufficient condition for 
success in transplantation (if and only if) can only be demonstrated 
by induction; hence the argument is susceptible to the weaknesses in-
herent in inductive reasoning, the last defense of which is essen-
tially pragmatism. 
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It should be obvious by this time that the originally posed 
quest ion, are hamster skin homografts successful or not, can not be 
simply ans1vered by a bald yes or no . Quali fications of this answer 
makes an analysis of heterogeneity or homogeneity of hamsters even 
more difficult. If there were a 100% success or failure, one could 
unequivocally declare hamsters either 100% homozygous or 100% hetero-
zygous, respectively. The r esult of partial success however, brings 
up the possibility that -r,.re are dealing with par·tial inbreeding or 
som ot her qualification of the genetic theory; or the possibility 
t hat we are dealing with entirely dif f erent mechanisms in hamster s 
than those which research vJi th ot her species has taught us to expect . 
~-/e are f aced -vrith the Hydra-headed problem of transferring empil'ical 
(op era tional) obs ervations t o the f ormal theoret ical (analytical) 
realm, -vrith all the possibility of error that that implies and i..Tl ad-
dition are forced to reason backwards from ffect to cause . .ihitehead 
has clearly discussed the problems attendant upon interpreting phy-
sical phenomena by means of mathematical models . We may generalize his 
discussion to fit these observations . l~e the theoretical assumpti ons 
satisf ied by the observed, empirical system? There is no way of satis-
fying this question, unless by making each assumption the subject of a 
separate experiment . At the same time, analysis of the actual results 
leads to a number of possible interpretations, none of which may be 
vie1.-1ed as causes, all of v1hich may be entertained as hypotheses, or 
guides to action. 
There is no question that the results of skin homografting in 
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hamsters have revealed a weak response to these gr af t s . At this fi r st 
level, 1-1e may postulate a weak resistance to grafts, vrhich implies an 
inherent f l aw or defect, or slo~mess to respond on the part of the ham-
ster's reactive mechanisms, which we have been taught are immunologi-
cal. Cn t he other hand it is equally possible that the 1-reakness is re-
ferent to genetic closeness of hamsters . This dichot~ arises with 
every experiment reported here concer ning first-set and seccnd-set 
grafts . Although each experiment was an attempt to clarify this issue, 
none afforded unequivocal proof of either contention. 
The reasoning behind each eJ\.'"Periment reported foJ.lo11s . In the 
experiments Ni t h agouti-to-agouti interchanges of skin, one of the 
strains (Schwentker), >-ras so closely inbred as to be equivalent in 
genetic closeness within the strain to the condition attained in the 
better kno-vm and highly i nbred mouse and rat strains . Theref ore .., 
whether the Ingham or Daniels strains were or were not inbred should 
not have mattered; in either instance, exchange of skin betv;een these 
groups should have resulted in failure, if the situation was at all 
comparabl e to what we might have obtained us i ng mouse str ains of com-
par~ble genet ic configuration. Had we used mice in this situation and 
obtained these successful r esults, the results ivould have forced the 
conclusion that the mice were genetically equivalent . Since not enough 
is knovm about hamsters, this research being the first invest igat ion of 
skin homografting in hamsters that I know of, and ha.'rllsters being rela-
tive newcomers to the laboratory, the same conclusion cannot be com-
pletely accepted. So f ar as I knm-1", the three agouti strains employed 
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were isolated from each other. Even if they uere all descendant s of 
the same inbred group, the isolation for over five years should have 
resulted in considerable random genetic drift (Selvall ~vright effect), 
enough to have produced colonies of sufficient genetic difference to 
be incompatible to skin homografts . Consequently, the only conclusion 
1ve can make from these experiments 1d th agouti-agouti interchanges, is 
that there was a high degree of transplantability of skin betueen the 
animals utilized. This was not the expected result, even had 1-1e been 
deal ing with kno1vn inbred strains . The next step, therefore, was to 
as sume that these ~ closely r elated inbred strains, and to introduce 
into the population kno-.m different genes in order to creat e a hetero-
zygous population by hybridizing. The only obtainable and presumably 
genetically differ ent form "'·Jas the albino . wnen it "'vas found that al-
binos received homografted albino skin almost as well as agoutis re-
ceived agouti skin, the same controversy of genetic closeness or weak 
i mmune response within the albino group arose . However it was con-
sidered extr emely unlikely that two such presumed inbred strains could 
have much in common, genetically . It therefore came as quite a sur-
prise that skin could not only be successfully transplanted behreen 
these strains, but also between a parent strain (agouti) and F2 hybrids 
of crosses between agoutis and albi nos . If there were so little as a 
one gene differ ence betv1een the t 1-ro groups at the histocompatibility 
level, the expected percent of successful grafts should have been 
about as high as 75%. ~fuere other researches have taught us that the 
number of genetic f actors is closer to fifteen f or skin, the expected 
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percentage of successful grafts beti.reen parent strain and F 2 should have 
been considerably under 1;'.;, presuming genetic difference held . The 
unusually high success in this genetic experiment 'strengthens the idea 
that skin homografting in hamsters is largely independent of genetic 
factors, thus strengthening the alternative of weak response, or for-
ces us to enlarge the concept of homogeneity of hamsters to include an 
entirely different coat color group, the albino . This latter position, 
ho1vever, is untenable. It claims that the albino group is, in actu-
ality, not foreign at all. In terms of the enetic theory of trans-
plantation, this means that although genetic changes occurred to pro-
duce differences in coat and eye color, and whatever other differ ences 
not observable in the phenotype, the histocompatibility loci remained 
unaffected . If this 1-rere so hovJever, logic demands that the percent 
of successful homotransplantability within the albino group should be 
equal to the percent of transplanta.bility 1-Jithin the agouti group, and 
further, that transplantability from agoutis to albinos should be a s 
successful as transplantability from albinos to agoutis . This 1vas not 
found . It was found rather that there was a differential transplant-
ability, agouti hosts being in all instances more receptive to homo-
grafts than albino hosts . These data suggest a ne-v1 possibility, 1-rhich 
is not Dllinediately seen from the agouti- agouti e~~eriments, but which 
nevertheless could apply there as 1-.rell. There is the possibility that 
we are dealing lvith incomplete expression of histocompatibility loci, 
or, in other words, that in hamsters utilized in t his study, at any 
r ate, there has been incomplete penetrance of the histocompatibility 
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genes . This f onnulation represents a qualification of the genetic 
theory, not 1•rithout precedent even in mouse systems and implies that 
penetrance of these genes is better in the albino population than in 
the agouti . The h~~othesis is vtidely accepted (Snell, 1953) that 
there is a differential penetrance of H-loci in the mouse . Snell ex-
plains the "stronger" action of H-2 over either H-1 or H-3 in terms of 
penetrance. It therefore is a distinct possibility that in hamsters 
we are dealing <•ri th differential penetrance of transplant genes . The 
proof of differential penetrance is not forthcoming from these ex-
periments . The net effect of introducing a concept of low penetrance 
of histocompatibility genes, here, is to explain how what should be a 
large genetic difference results in a weak homograft response . 
As far as experiments vrl. th seco"nd-set grafts are concerned, 
there is continued support for the foregoing evidence of differential 
transplantability, or differential resistance . In agouti-to-albino 
systems, where there is strongest initial resistance to the graft , and 
where post- operative degeneration of the graft is fast est , the f irst-
set graft most strongly sensitized against the second-set graft, and 
the rejection of the second-set graft had its effect in hastening the 
rejection of the first-set graft. This observation once a gain indi-
cates genetic differ ence between donors and hosts, but the mildness of 
the reaction once again can be explained by innate slo-vmess to respond 
immunologically, genetic closeness due to partial inbreeding, or by 
the concept that stands betHeen these tl·TO, that the histocompatibility 
genes are poorly penetrant and/or expres sed. The same explanations or 
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interpretations may be invoked to explain similar but vreaker responses 
in both the albino-to-agouti systems and the agouti-agouti systems, 
where in the former the response is so weak that no first -set grafts 
· were affected, and in the latter not even second-set grafts were af-
f ected. The observations on first-set grafts, >rith respect to initial 
and later resistance, is thus supported by the observations with se-
cond-set grafts . There is an internally consistent system of differ-
ential response, 1veakest in agouti-agouti s-ystems and progressively 
stronger in albino-albino, albino-agouti and agouti-albino syst~1s. 
These data, unfortunately, do nothing to resolve the problem of cau-
sality, which may be considered in terms of at least three possibi-
lities outlined above . 
i;Vbile on the subject of penetrance, there is yet another vray in 
which the poor response and obvious heterogeneity of these anL~als may 
be e:x-plained, and that is to assume that there is a differential ex-
pression of H-loci in each animal, as in the mouse, but that in all 
agoutis and albinos utilized here, the "stronger" or more penetrant 
loci were homozygous in t he group whereas the weaker loci were not . 
'This formulation satisfies the requir~ent that t here be genetic dif-
ferences 16th sloiv response to the grafts . Such an interpretation 
makes the slminess of response due , in effect, to a small genetic dif-
ference, so t hat we have run the gamut of reasoning, in a sense and are 
back to the originally posed dichotomy between innate slowness to re-
spond and genetic closeness, except that at this point we have a con-
cept of hol-t a large genetic "gap" can be reduced through gene expres-
sion and/or penetrance. 
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Perhaps, at this point, it would be -vrell to dra1v the usual dis-
tinction between gene penetrance and gene expression. When, in a 
homozygous population, a given character consistently fails to show up 
in a constant percentage of the offspring in each generation, we say 
that the char acter is penetrant in the percent of the population which 
shm·rs t he character . Thus if a character shm-1s itself in eight out of 
ten offspring in each generation, we say there is a gene penetrance of 
80%. The concept of expression is allied to that of penetrance. I f a 
gene is known to be responsible for the appearance of a given charac-
ter, and the character appears in varying degrees in all the offspring 
of one generation, He say that there is varying expression of the gene. 
Thus, i.f one gene -vrere responsible, for let us say, the characteristic 
o:f the range of color values betv.reen black and white (including gray), 
we say that there is varying expression of the gene. Expression is 
t hought to be a function of a physiological threshold, !·~· ' that dif-
f erential expression of the gene is dependent upon some internal or ex-
ternal environment al factor . Penetrance may be explained in t he same 
manner . 
In any experimental situation where genetic background is not 
thoroughly known, use of either the concept of penetrance or expres-
sion should be made Hith care . IT a situation cannot be shmm to be 
due to either a heritable characteristic or a demonstrable extrachromo-
somal factor, it is all too easy to evoke either of these concepts, 
m1ich, after all, to some extent represent loopholes in genetic 
theory. 1-le fall too easily into the danger of thinking vle have ex-
plained the unknown by naming it. In the present situation 1-lith skin 
homografts in hamsters, the exact percentages of initial sloughing 
79 
might be laid to penetrance of hi stocompatibility loci . In a like 
manner, the differential resis tance t o grafts post- operatively might 
be construed as varying expressivity of these factors . Proof of the 
point rests on demonstration of constancy of the appearance of the 
trait and its relation to some environmental factor . One must also 
show that it is not a function of po~genes . 
The currently accepted theory of homograft failure is inunu.no-
genetic . Barrett (1952) defines immunogenetics as that area where 
both the disciplines of genetics and immunolo~y apply. Homograft 
failure by this theory is understood to be primarily a function of 
genetic difference, and the mechanism of rejection to be immunological, 
different genes in the graft either acting themselves directly as 
antigens or standing in some functional one- to- one relationship to the 
antigens . .Algire 1 s work vri th diffusion , chambers has made it clear 
that in the area of immune reaction to graft i so- antigens, the in-
strument of the reaction is probably cellular. We may thus envision 
the rejection of a graft as dependent upon a string of causal rela-
tionships, some of which have been demonstrated, others perhaps not . 
The hamster ' s departure from expected results in a situation uhere one 
would expect wholesale failure of grafts must then be explained in 
terms of any or all the postulated causal relationships . We may thus 
ask a number of questions, which have been indicated in the foreg oing 
discussion . The first order question is, are these grafts homografts 
or isografts? That the grafts eventually break down is sufficient in-
dication that they are homografts . This is further supported by the 
evidence with second-set grafts that there is a sensitization by 
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first-set grafts . vle must bear in mind, hovrever, that the vrords 
"homograft" and "isograft" are defined in terms of known inbred 
strains; v1here, in hamsters, only one such strain exist s, to my best 
knowledge, t he others being genetically indifferent , use of either 
term is inexact . 
If we are in reality dealing with homo grafts, ~.;hy is the re-
sponse so slow and/ or weak? Working within the framevwrk of the im-
munogenetic theory, we must consider that the animals are closely re-
lated genetically, or that the immune response mechanisms are weakly 
operative in the hamster, or both. To argue genetic closeness of the 
indifferent agouti groups and the albino group is to force us t o en-
large our view of the concept to include four strains of hamsters, one 
of 1-:rhich is obviously genetically different vd th respect to coat color 
f rom the others, all of which have been isolated from each other for 
enough time to have permitted genetic change vlithin each group to have 
produced differing gene frequencies presuming each strain t o have a-
risen from a homozygous hamster population to begin with. In view of 
Eichwald 1s demonstration that even within an inbred group, the dif-
ference between male and female is sufficient to cause re,jection, the 
concept that randomly bred hamsters can have remained genetically 
alike taxes our credibility. Nevertheless, the idea can only be 
t es t ed experimentally by including all the domesticated races of ham-
sters within our experimental scheme, which is time-consuming and 
wasteful since in eac...h instance the same analysis obtains unless we 
are f ortunate enough to f ind a race of hamsters which rejects skin 
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homografts . The ultimate test of the idea is to homograft skin be-
tween domestic American hamsters and wild- caught Near Eastern ham-
sters. If these exchanges should result in failure, we can then con-
clude that success with the strains used in this study was indeed due 
to close breeding within the American population, and that the muta-
tion to albinism only slightly affected tlf~· histocompatibility loci in 
some undetermined manner, to produce albino hamsters more resistant to 
skin grafts than agoutis , yet highly compatible with them nevertheless . 
Should domestic-to-wild-caught interchanges succeed as well as the 
grafts in this study, however, 1-re are in a fair way to concluding that 
different mechanisms are at work in the hamster, and the search should 
be concentrated on the immune response as being the primary factor, or 
upon reduction of genetic difference t~cough poor expression of the 
transplantability genes . 
'Ihe concept that hamsters have an inherently >-Jeak response to 
iso-antigens suff ers from the crit icism that the animals are generally 
kno1m to be highly resistant to infectious diseases, unless we accept 
Algire 1 s s.cheme, which separates the r esponse to iso-antigens from the 
response to bacterial antigens . I myself have performed abdominal 
surger,y in these animals repeatedly, with no elaborate antiseptic or 
aseptic precautions, and have found fevr deaths from obvious bacterial 
infection post-operatively. Therefore, the idea that the reticulo-
endothelial system is at fault in the hamster almost forces us to as-
sume that since the homograft response is largely cellular, any defect 
in the ha.'Tlster should be due to a slow, absent, or insufficient mo-
bilization of lymphoid elements . Th~t , to my knm-Jledge, no basophils 
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have been found in the hamster is indicative, perhaps, of such a situa-
tion. I do not mean to imply that the basophil is the cell type in-
volved in the homograft reaction, necessarily, but the defect points to 
a possible different organization of the reticulo-endothelial systern. 
Support for a concept of this nature comes from the allied field 
of tumor homo- and heterotransplantation. Lemon (1955) has shmm that 
repeated excision and retransplantation of the Lutz sarcoma (our MC-1 
tumor) in Ingham hamsters resulted in the appearance of a resistance 
which had increased to embrace fifty percent of his experimentals by 
the fourth retransplantation . This argues a sluggish mobilization of 
immune bodies and supports the contention of heterogeneity -vri thin the 
agouti hamster group which we have also sho~m to be weakl y operative 
in second-set skin homografts . Handler (personal communication) has 
provided the most interesting and largest body of pertinent observa-
tions. He has shown that the hamster needs considerably less condi-
tioning (cortinization) than rats or mice to produce good growth of 
heterogransplanted animal and human tumors . He was also able to shoN· 
limited success (1951) in transplanting animal tumors to the hamster 
1~thout conditioning. More recently he has shown that a highly strain-
specific leukenia in DBA/2 mice could be serially transplanted suc-
cessfully in nmrmal untreated hamsters, where it generalized. Both 
primary tumor and metastases were retransplantable to the strain of 
origin, and the tumor had maintained it very high specificity for 
DBA/2. From this -..;ork, in order to retain the standard genetic theory 
of transplantation, \ve are forced to the ridiculous conclusion that 
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hamsters and mice, and hamsters and humans, and therefore, humans and 
mice have the same histocompatibility factors . That tissue cannot be 
transplanted at 1-1ill from humans to mice or mice to humans is suffi-
cient indication that this is not the case, and has led to independent 
consideration on Handler's part of a possible slorrness of the ham-
ster's response to tissue grafts. It can be seen that Handler's rea-
soning about the similarities between mice, humans and hamsters is 
another species of my ovm reasoning about inbred and indifferent · 
strains of agouti and albino hamsters with respect to skin homografts . 
To be sure, if the phenomenon of low resistan ce to skin grafts in a 
presumably heterogeneous hamster population and the phenomenon of lou 
resistance of the hamster to tumor heterotransplants are to be equated, 
we must assume that the response to heterotransplanted tissue as well 
as homotransplanted tissue is cellular, despite the fact that it has 
been repeatedly shovm that in other species the heterologous response 
is demonstrably humoral . What this means in terms of Algire's 
"spectrum" of r esponse, is that the hamster must be viev-1ed as having a 
Hider range of cellular reactivity, or conversely that its "recog-
nition" of the degree of foreigness of antigen has greater tolerance. 
Tnis could conceivably be checked empirically by comparing the titre 
of rat, mouse and hamster antibody formed -vrhen these animals are ex-
posed to a given heterologous antigen , say rabbit normal or malignant 
tissue . To my knowledge, nothing of this sort has been done yet. 
The steprnse inclusion, in this res earch, of more and more 
groups of geographically and genetically isolated groups of hamsters, 
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·which has included a knmm inbred strain of agoutis and bTO strains 
which I take to be genetically indifferent, as 1-1ell as a coat color 
strain (albino) -.-vhich has some obvious genetic differences, has by the 
continued observation of high homotransplantability of skin l>lithin and 
between these groups created a web of circumstantial evidence to in-
dicate that t he genetic theory of transplantation does not fully apply 
to hamsters without modification. The small ntunber of groups included, 
and the specific techniques of experimentation employed do not bring 
this 1-vork into full conflict vJ"ith the theory at any point, but the 
quant ity of evidence presented is at least enough t o indicate consi -
derable future 1·10rk . It is obvious that this t ype of skin experimen-
tation should be expanded to include other strains of agouti, other 
mutants from the agouti such as the cream and piebald, and, certainly, 
wild-caught hamsters . There is also no question that direct inves-
tigation or characterization of the hamster's immune mechanisms should 
be attempted . 
If, as this research seems to indicate, the hamster's response 
to grafts is so different from that of other speci es, we have the prob-
lem of attempting to evaluate its biological significance. Is it of 
survival value f or the hamster to have a weak response to homografts 
(irrespective of iihether this is due to poor expression and/or pene-
trance of the appropriate genes, or a differently oriented and organized 
immune response)? Or is t his phenomenon, i f indeed present, asso-
ciated with some other characteristic that does have survival value? 
We can only speculate, as •·re have in the rest of this discussion. wnen 
we find an unusual phenomenon, "t-Te attempt to relate it t o other unusu-
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al phenomena, hoping that future investigation vJill yield a functional 
relationship . One characteristi c that differentiates hamsters from 
the other more standard laboratory rodents is the fact t hat these ani-
mals (hamsters) are hibernators . If there is a functional relation-
ship between hibernation and the animal's poor r esponse to grafts, we 
snould find a similar low resistance to grafts in other hibernators . 
It is also possible, and expected if "t·Te are indeed dealing \·.rith ex-
pression of the gene, that there ·will be internal or external environ-
mental changes that can alter the expression of the gene to produce 
full expression . The environmental factor may or may not be cold, or 
some other factor which figures in the hamster's hibernating behavior. 
More interesting implications come from the realization that the al-
binism that we have dealt with here resembles himalayan albinism in 
other animals such as the rabbit, lvhere indeed temperat ure has been 
shown to aff ect the expression of the gene for himalayan albinism. 
The higher r esistance of albino hamsters to skin homografts in this 
research suggests the possibility that alteration of temperature might 
alter coat color expression, and also response to skin grafts . The 
response of the hamster's adrenal cortex to temperatures suff icient to 
bring about hibernation has been contrasted by Deane and 4vman (1954) 
with that of the rat. Although there was hypertrophy of the gl and in 
the rat, none was observed in the hamster . This too may be related to 
the animal's hibernating ability, in such a way that what constitutes 
a stress for a rat does not for a hamster, with respect to cold at any 
rate . Fursuit of this line of speculation through experimentation may 
yield answers to t he quest ion of why no one has as yet been succes sful 
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in autografting hamster adrenals (Wyman, personal corrm1unication), or 
to why the hamster needs less cortisone conditioning to accept hetero-
logous tumor transplants. I do not present this speculation as any-
thing more than just that, in the hope that it will provide some sort 
of fruitful hypot hesis to guide future investigation . 
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Sill-1HARY 
Investigation of certain aspects of first-set and second-set 
free skin homografts in hamsters (Nesocricetus auratus) has been made 
in an attempt to characterize four geographically ana presumably 
genetically isolated strains with respect to homozygosity. 'l'his work 
represents the first instance of skin homografting in hamsters . Three 
agouti strains 1-1ere employed, one consistently brother-sister mated 
f or at least six years, the other t1..ro randomly bred and consequently 
taken here as genetically indifferent . Homografts of skin (2 em. in 
diameter) grafted to the dorsa of these animals shm-red no interstrain 
differences and remained 98 . 1% successful (106 out of 108) for four to 
nine months . 
Homografts of skin within a group of 37 randomly bred albinos, 
mutants f rom a southern agouti colon~r, were 81. 1% successful for tuo 
to six months . This difference between agouti skin homotransplan-
tability and that of albinos is significant at the 5% level according 
to Chi-square tests . Grafts of albino skin to agoutis vrere mor e suc-
cessful than reciprocal grafts of agouti skin to albinos (94. 4% of 64 
grafts and 78 .7% of 37 grafts, respectively) and the difference is 
once again statistically significant. Statistically, the response of 
agoutis to either homografted agouti or albino skin was identical, as 
was the response of albinos to either agouti or albino homografts, but 
as a whole, grafts to agouti hosts were far more succes sful than grafts 
to ~-bino hosts . Exchanges of skin between agoutis and second genera-
tion offspring produced by crossing albinos with agoutis vrere also 
highly successful for at least four months (94 .7% of parent-to-
offspring exchanges and 89 .5% of offspring-to-parent exchanges . 
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Observation of grafts for one year after grafting revealed a 
differential rate of post- operative graft degeneration which was 
greatest when albinos were hosts to agouti skin, intermediate when 
agoutis were hosts to albino skin, and minimal -v;hen agoutis \>iere hosts 
to agouti skin. Investigation of second-set grafts shmved that first-
set grafts sensitized most strongly when albinos Here hosts to agouti 
skin, less when a.goutis were hosts to albino skin and least of all 
u-rhen agoutis viere hosts to agouti skin , a repetition of the pattern 
seen idth differential post-operative degeneration of first-set grafts . 
Evidence is provided that degeneration of second- set grafts accele-
rated degeneration of first- set grafts, but that degeneration was 
fastest in systems where the albino acted as host and slower when 
agoutis acted as hosts to either agouti or albjno skin homografts . 
Simultaneous autografts and homograf ts of skin in a group of 
t-vrenty albinos sho-r,.red a 5 i~ error due to technical failure (19 out of 
tw·enty successful autografts); the greater degree of rejection of 
homografts at tNo months (fifteen out of 19 successful homografts) 
was thus considered to be due to genetic factors . .{lthough there is 
a slight possibility that a sex factor operated to interfere with suc-
cessful homografting, it operated independently of Hhether the male or 
the female 111as a host . The independence of the fates of these simul-
taneous grafts in albinos indicat es that first- set graf t sensitization 
for a f aster and greater degree of rejection of second-set grafts was 
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a function of geneti c for eigness of the homografts . Y-~at eventual r e-
jection of the grafts is not related to development of some "resis-
tance factor 11 I..Jith advancing age >·;as sho-vm by the high degree of 
transplantability within a group of forty old age agoutis (exceeding 
a year and a half in age) 1-1hich -..ras comparable to the equally high 
t ransplantability among 8-12 week old animals used standardly .through-
out the investigat ion . 
The obvious genetic factors, demonstrated by the differential 
response of agoutis and albinos to skin homografts in terms of initial 
resis tance, rate of post-operative degeneration and sensitization to 
second-set grafts cannot easily be reconciled to genetic theory which 
indicates that so small a difference as the presence of one histo-
compatibility locus on the Y- chromosome in mice i s suff icient to pro-
duce immediate r ejection of male-to-female grafts withi n highly inbred 
strains . The observed poor rejection of homografts of skin in ran-
domly bred hamsters utilized in this research suggests at least three 
possibilities, namely, that the genetic differences are small (~.~. , 
that hamsters have attained a high degree of homozygosity through par-
tial inbreeding), that the animal's immune response is weak, or that 
low penetrance or expression, or both, of putative histocompatibility 
loci operates to reduce the effects of heterozygosity. 
The inGlusion in this research of four strains of hamsters, in-
cluding one strain of albinos, all of \vhich "'rere r andomly bred 1vith 
the exception of one agouti strain (Sch.,rentker), has created a web of 
circumstantial evidence t hat the genetic theory of transplantation 
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1v-ith particular reference to skin does not fully apply to hamsters 
without modification, unless t he unlikely possibility is admitted that 
all the strains employed were developed from an identically inbred 
group and, although isolated for over five years, did not differen-
tiate genetically. Neither does such a possibility adequately ac-
count for differences between the agouti and albino response to skin 
grafts . Support for the concept of slm-mess of the hamster to re-
spond to tissue grafts , and its implications vii th regard to current 
theories of the cellular nature of response to iso-antigens, is dis-
cussed. It is also pointed out that the unexpectedly high degr ee of 
successful grafts for 2 to 9 months in agouti arid albino hamsters is 
not incompatible with a theory that assumes low penetran ce, or poor 
expression, or both, of genetic factors . Such a position, however, 
demands that the mutation to albinism was accompanied by greater ex-
pression or penetrance, or both, of these histocompatibility factors. 
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10.5 
ABSTRACT 
An investigation of first-set and second-set skin homo-
grafts in hamsters has been made in an attempt to characterize agouti 
and albino hamsters (Mesocricetus auratus) with respect to their 
~enetic homogeneity. This work represents the first reported ex-
perimental investigation of skin homografting in hamsters . 
I 
Attempts to characterize animals with regard to their genetic 
similarity or dissimilarity by homografting skin are based on the well-
documented observations that homografts fail experimentally unless made 
between members of highly inbred strains, or succeed clinically ooly 
when donor and host are identical twins . The most notable exception to 
this formulation is the recent communication by Eichwald and Silmser 
(19.55) that even within inbred strains of mice, homografts of sldn from 
males to females failed , due probably to the Y-linkage of a histo-
compatibility locus (Hauschka, 19.5.5; Snell, 19.56) . Snell points out 
that the fineness of the homograft response to skin, !_.~. , the complete 
dependence of successful grafting on genetic identity, may be used more 
profitably than tumor transplantation tests to explore the 11weaker 11 
histocompatibility loci. 
The currently reported research in hamsters was motivated by 
preliminary (unpublished) results that indicated difficulty in immu-
nizing agouti hrunsters to two indigenous transplantable tumors, a 
methylcholanthrene- induced sarcoma (Lutz sarcoma) and a basal-cell car-
coma, suggesting that hamsters might be homozygous, or ,very nearly so, 
despite absence of inbreeding records and evidence of their hetero-
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geneity. 
The rationale of this research implied making exchanges of skin 
within and between four geographically and genetically isolated co-
lonies of hamsters obtained f rom professional breeders. Of these 
"strains", three, t he Ingham, Daniels and Schwentker strains, were 
agouti; the .fourth, the La Casse strain, was albino. Of the agouti 
strains employed, only the Schwentker has been consistently brother-
sister mated for a long enough period of time to constitute an inbred 
strain comparable to t he better-known mouse strains. The Ingham and 
Daniels agoutis , as well as the La Casse albinos, are randomly bred 
and are taken here as genetically indifferent. Since preliminary in-
vestigation showed that homografts within the agouti coat color group 
were as highly successful as autografts, agouti-to-agouti responses were 
used to establish control data for exploration of the differential re-
sponse of albino hosts to homografts. The greater resistance of albino 
hosts to skin homografts necessitat ed the institution of autograft con-
trols which indicated technical failure of the order of five percent. 
For t he purposes of this investigat ion, full-thickness, free skin 
homografts were employed which were circular in shape, measuring two 
centimeters in diameter. Host and recipient were first anesthetized by 
intraperitoneal injections of the appropriate dosage of sodium penta-
barbitol (Veterinary Nembutal, Abbott). Dorsal fur was then clipped by 
means of blunt scissors or an electric shaver designed for animal and 
laboratory use. The denuded areas were swabbed with a dilute tincture 
of iodine and permitted to dry thoroughly, after which grafts were 
measured and then cut and dissected free of underlying connective 
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tissue with a pair of sharp surgical dissecting scissors . When the 
graft was placed into the recipient site, care was taken to rotate it 
180° so that t he anterior edge of the graft was coapted to the posterior 
edge of the defect in the host . In this way, hair in the graft grew 
"against the grain" . Grafts were secured into place by means of a run-
ning suture made with a cutting- edge, half- curved needle and nylon 
suture (Deknatel, 5/0) . Adequate hemostasis was obtained when needed 
by swabbing with absorbent cotton or pinching the cut ends of bleeders 
with f ine forc eps . Animals were returned to the colony immediately. 
No post-operative care was necessary. 
The method of skin grafting used in this study departs from 
s~andard technique (Billingham, 1954; Billingham and Medawar, 1951) in 
t hat interrupted sutures and pressure bandages were not used because 
they were found to be unnecessary for agouti-to-agouti exchanges . The 
method was retained for exchanges between agouti and albino coat .color 
groups in the interests of standardization . 
Criteria for successful establishment of grafts throughout this 
study were gross observation of growth of hair in the graft against the 
grain, and when appropriate, hair growth of the proper color. Survival 
time was judged as the period from the day of grafting to either 
sloughing, which was rarely observed, or to the appearance of the first 
unequivocal signs of chronic inflammation, such as loss of hair or 
scurviness of the epithelium. 
Homograft s of skin within and between the three agouti strains 
employed in this investigation showed no interstrain or intrastrain 
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differences and remained 98 . 1% successful (106 out of 108) for four to 
nine months . Homografts of skin within a group of randomly bred al-
binos (37 animals) were 81. 1% successful for two to six months . This 
difference between agouti skin homotransplantability and that of albinos 
is significant at the 5% level with Chi-square. Grafts of albino skin 
to agoutis were more successful than reciprocal grafts of agouti skin 
to albinos (94.4% of 64 grafts and 78. 7% of 37 grafts, respectively), 
and the difference is once again statistically significant . statisti-
cally, the responses of agoutis to either homografted agouti or albino 
skin were identical, as were the responses of albinos to either agouti 
or albino skin homografts, but as a whole, grafts to agout i hosts were 
far more successful than grafts to albino hosts . Exchanges of skin be-
tween agoutis and second generation offspring produced by crossing al-
binos with agoutis were also highly successfUl for at least four months 
(94. 7% of parent-to-offspring exchanges and 89.5% of offspring- to-
parent exchanges) . 
Observation of grafts for one year after grafting revealed a 
differential rate of post-operative graft degeneration which was greatest 
when albinos were hosts to agouti skin, intermediate when agoutis were 
hosts to albino skin, and minimal when agoutis were hosts to agouti 
skin. Investigation of second-set grafts showed that first- set grafts 
sensitized more strongly when albinos were hosts to agouti skin, less 
..rhen agoutis were hosts to albino skin, and least of all when agoutis 
were hosts to agouti skin, a repetition of the pattern seen with dif-
ferential post-operative degeneration of first- set grafts . Evidence is 
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provided that degeneration of second-set grafts accelerated degenera-
tion of first-set grafts, but that degeneration was fastest in systems 
where the albino acted as host and slowest when agoutis acted as hosts 
to either agouti or albino skin homografts. 
Simultaneous autografts and homografts of skin in a group of 
twenty albinos showed a 5% error due to technical failure (19 success-
ful autografts out of twenty) . The greater degree of rejection of 
ho~ografts at two months (15 successful homografts out of 19) was thus 
considered to be due to genetic factors . Although there is a slight 
possibility that a sex factor operated to interfere with successful 
homografting, it operated independently of ~.Jhether the host ".ias male or 
f emale. The independence of the fates of these simultaneous grafts in 
albinos indicated that first-set graft sensitization for a faster and 
great er degree of rejection of second-set grafts was a function of 
genetic foreignness of the homografts . That eventual rejection of the 
grafts is not related to the development of some "resistance factor" 
with age was shown by the high degree of transplantability within a 
gr oup of forty old age agoutis (exceeding a y ear and a half in age) 
which was comparable to the equally high transplantability among 8-12 
week old animals used standardly throughout the investigation. 
The obvious genetic factors, demonstrated by the differential 
response of agoutis and albinos to skin homografts in terms of initial 
resistance, rate of post-operative degeneration and sensitization to 
second-set grafts can not be easily reconciled with the genetic theory 
of transplantation which indicates that so small a difference as the 
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presence of one histocompatibility gene on the Y chromosome in mice is 
sufficient to produce rapid rejection of male to female grafts within 
highly inbred strains. The observed poor rejection of homografts of 
skin in randomly bred hamsters utilized in this research suggests three 
possibilities, namely, that the genetic differences are small {!•!•' 
that hamsters have attained a high degree of homozygosity through par-
tial inbreeding), that the animal's immune response to homografts is 
weru<, or that the low penetrance or poor expression, or both, of puta-
t i ve histocompatibility loci operate to reduce the effects of hetero-
zygosity. 
The inclusion in this research of four strains of hamsters, in-
cluding one strain of albinos, all of which were randomly bred with the 
exception of one agouti strain (Schwentker), has created a web of cir-
c.umstantial evidence that the genetic theory of transplantation, wi tb 
particular reference to skin, does not fully apply to hamsters without 
modification, unless the unlikely possibility is admitted that all the 
strains employed were developed from an initially inbred group and, al-
though isolated from each other for over five years, did not differen-
tiate genetically. Neither does such a possibility adequat ely account 
for the differences between the agouti and albino responses to skin 
grafts. Support for the concept of inherent slowness of the hamster 
to respond immunologically to tissue grafts, and its implications with 
regard to the current theory of the cellular nature of response to 
tissue iso-antigens, is discussed. It is also pointed out that the un-
expectedly high degree of successful grafts for two to nine months in 
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agouti and albino hamsters is not incompatible ~nth a theory that as-
sumes low penetrance, or poor expression, or both, of genetic factors . 
Such a position, however, demands that the mutation to albinism was ac-
companied by greater expression or penetrance, or both, of these histo-
compatibility factors . 
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